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The Quantum Mechanical Model 
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Characteristics of Chemical Reactions 
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Investigating the energy flow in 
technological systems requires an 
understanding of motion, work, and 
energy. 
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Activity C1 QuickLab: Pore Size in 
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Our current understanding of the cell is 
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02.3 Applications of Cellular Transport in Industry 


and Medicine 
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Gas Exchange in Plants 
C3.3 Check and Reflect 


Transport in Plants 

Activity C16 QuickLab: Capillary Action 

Minds On... The Movement of Materials 
in Plants 

Cohesion and Adhesion 

Root Pressure 

Minds-on... Colourful Carnations 

From Root to Leaf: Water Transport in 
Plants 

Activity C17 Inquiry Lab: Tonicity and 
Plant Celis 

The Effect of Tonicity on Plant Cells 

From Source to Sink: Sugar Transport 
in Plants 

Activity C18 Design a Lab: 
Environmental Conditions and Water 
Movement 

C3.4 Check and Reflect 


Control Systems 

Activity C19 Inquiry Lab: Investigating 
Gravitropism and Phototropism 

Investigations of Phototropism 

The Mechanism of Gravitropism 

Other Control Mechanisms 

C3.5 Check and Reflect 

Career and Profile: Dr. Olga Kovalchuk— 
Biotechnology Research Scientist 


Section Review 


Case Study: Help Wanted 
Project: The Impact of Environmental Factors 


on Plant Function 


Unit Summary 
Unit Review 


8 


Energy Flow in Global Systems 


Calculating Heat of Fusion and Heat of Other Views on Climate Change 418 
Fi 339 d 
vn (02.0) oka transfer energy through 356 Vaporization 385 D3.1 Check and Reflect 418 
Exploring 340 Activity D13 Inquiry Lal: — D3.2 International Collaboration on Climate Change 419 
Activity D1 QuickLab: Climate and D2.1 Energy Relationships and the Biosphere 357 Thermal Energy and Melting Ice m Scientific Collaborati Climate 
s; i 7 ^ Activitv D14 Design a Lab: jentific Collaboration on Climate 
Tree Growth 341 Insolation and the Angle of Inclination — 357 S : Change 419 
solati ith le of Incid 359 Variables Affecting the Evaporation b) 
inso! ation and t Me Angle of Inci pace of Water 389 Career and Profile: Andrew Weaver 420 
GED Climate results from interactions Activity D5 pea: Lab: oe of oes Phase Changes and Global Énergy Transfer 389 Political Collaboration on Climate 
among the components of the biosphere. 342 and Rate of Temperature Change D2:3 Check and Reflect 390 Change 421 | 
Absorption and Reflection by the 3 Yi Tu Activity D19 Decision-Making 
D1.1 Earth—Our Biosphere 343 Biosphere 362 02.4 Earth's Biomes 391 Investigation: Future Options 423 
The Atmosphere 343 Albedo—Reflection by the Lithosphere Biomes Are Open Systems 381 Economics and the Kyoto Protocol 423 
Activity D2 QuickLab: Modelling and Hydrosphere 363 Minds on... Open Systems 392 Stabilizing Greenhouse Gas Levels 424 
Atmospheres 344 Activity D6 Inquiry Lab: Earth's Biomes 392 D3.2 Check and Reflect 425 
The Lithosphere 346 : Modelling Albedo in the Biosphere 364 Biomes and Climate 400 D3.3 Assessing the Impacts of Climate Change 426 
The Hydrosphere 346 Natural Greenhouse Effect 365 Activity D15 Problem-Solving Investigation: ! 
The Components of the Biosphere Interact 346 Activity D7 Inquiry Lab: Planning for Climate 401 GIRL of Climate Change on Alberta 427 
Activity D3 Inquiry Lab: Air Temperature The Greenhouse Effect 366 Canada's Biomes 402 Activity D20. Decision-Making 5 
and Altitude 347 Net Radiation Budget 367 D2.4 Check and Reflect 402 Investigation: The Impact of Climate 
Altitude and Temperature 348 Activity D8 QuickLab: apc " change m Taiga ims 428 
D1.1 Check and Reflect 348 Earth's Net Radiation Budget 367 02.5 Analyzing Energy Flow in Systems Canada's Action Plan on Climate Change 429 
D1.2 Climat: D2.1 Check and Reflect 369 Activity D16 QuickLab: Balancing Environmental, Social, and 
sm =< Constructing a Climatograph 405 Economic Goals 430 
Climate Affects Daily Life 349 02.2. Thermal Energy Transfer in the Atmosphere 370 Activity D17 Inquiry Lab: D3.3 Check and Reflect 430 
Climate Affects All Organisms 350 Conduction and Convection 370 Using Climatographs to Compare 
03.0 Section Review 431 
Minds On... The Importance of Climate 351 Activity D9 QuickLab: Convection an Biomes 406 
Climate Change 352 Effects of Thermal Energy Transfer in the D2.5 Check and Reflect 407 
edd D4 5 Investigation: ^ See hen ni, 372 Ba E Review 408 Case Study: Risky Solutions 432 
c imata Change Today 353 Adiy ity 5 10 QuickLab: The Coriolis Effect 373 Project: A Personal Plan for Reducing 
Interpreting Climate Data 354 Global Wind Patterns 374 Carbon Dioxide Emissions 433 
D1.2 Check and Reflect 354 D2.2 Check and Reflect 375 D Changes in global energy transfer could Unit Summary 434 
1.0 Section Review 355 D2.3 Thermal Energy Transfer in the cause ae ren 2 impact "M 435 
Hydrosphere 376 human life and the biosphere. 
Specific Heat Capacity 377 03.1 Climate Change Examining the Evidence m run RENE Es 
Quantity of Thermal Energy, Q 378 Changes in Greenhouse Gases 411 A to Numerical Questio 493 
Activity D11 Inquiry Lab: i ice: à i a x = e 
, 3 Skill Practice: Extrapolating Data 412 — 503 
Investigating Specific Heat Capacity — 381 Greenhouse Gases and Human Activity 413 
The Hydrologic Cycle and Energy Evaluating the Evidence of Climate 
Transfer 382 Change 415 
Heat of Fusion and Heat of Vaporization 383 Activity D18 Decision-Making 
Activity D12 QuickLab: Temperature and Investigation: Evaluating the 
Phase Change 384 Potential Effects of Climate Change 417 


antante väl 


Welcome to 


The Sections The Lesson 


Each section title summarizes what you ~_ The text is further divided into lessons 
will learn in this section. These titles 8 to make the ideas easier to follow. 

can help you organize your thoughts 
when you study. 


Addi. son Wes I ey You are about to begin a scientific exploration using 


7 Addison Wesley Science 10. To assist you in this journey, 
Science 10 this book has been designed with the following features. 


An Outline gives you an overview of what you will be P 


you will learn in this section. By the 
end of the section, you should be able 


i i to describe or explain each concept. 
Unit Outline or explain each concepi 


=E Energy and Matter The Learning Outcomes are what you < 

in Chemical should know and be able to 
demonstrate vour understanding of on 
completing the section. 


learning. You may want to use this as a guide to help 


you study. 


T book is divided into four 
units, Each unit opens with a 
large photograph that captures Change 
one of the ideas that will be " y 
covered in the unit. 


AninfoBIT is ann 
interesting fact 
relevant to the 
content of the text 


(7 Deepen — 
E d 3 —— 1 You can further 


explore and study a 
topic in reSEARCH 
using the Internet. 
This may provide an 
additional way to 
study the idea of the 
section or for 


Exploring 


: i 
This section is an introduction. It | 
has an interesting real-world 


example to introduce the unit The Focus section has several enichmeul 
questions to help you think about 

what you learn as you work through | 
the unit. The questions focus on one 


of three areas or emphases of science: 


the nature of science, the relationship 


between science and technology, and 2 2} — 


the relationship of science and - ^ s 
technology to society and the 
environment. 


Example Problems show 
the detailed steps in 
solving problems. 


Practice Problems model- 
the example problem and 
provide opportunities for 
further practice. Use these 
problems to check if you 
understand the concept 


The QuickLab is a short, informal hands-on activity that is designed to Photos and labelled diagrams help being discussed. If you $ 
introduce one of the topics of study in the unit. explain or clarify many of the have trouble with a practice : : 
ideas in the unit. problem, you should ask - — 


ſor help before continuing. . 


N oe 


The Lab Activities 


There are four main types of lab activities. 


Inquiry Lab 
Minds On... activities are "These activities provide oppo op 
designed to stimulate lk opportuni 
thinking about key aspects qv io Non ina lab setting. You will 
of the topic being studied. develop scientific skills of predicting, 
These activities are usually observing. measuring, recording, inferring, 
done in small groups or analyzing, and much more. In these 
sometimes by yourself. activities, you investigate many different 


phenomena that occur in our world. 


~ 


Problem-Solving Investigation 

These are open-ended activities that allow 
you to be creative. You will identify a 
problem, make a plan. and then construct a 
solution. These activities usually have more 
than one solution. 


A Skill Practice reviews or 
reinforces certain skills necessary 
for completing some of the lab 
activities in this course. 


Throughout the book QuickLabs help explore 
specific topics or concepts in a hands-on 
manner. QuickLabs tend to take less time than 
the formal labs and do not require the same 
level of analysis and interpretation. In some 
situations, your teacher may demonstrate the 


activity. 
Investigation 
These activities present 
Check and Reflect questions allow — issues or questions related 
you to review what you have to everyday life. You will 
learned in a lesson and consolidate analyze the issue and 
your understanding. The Section Review provides questions relevant to the whole develop a conclusion based 
; section, Answering these questions will help you consolidate on the evidence you collect. 
what you have learned in the various lessons in the section. Be prepared to present your 
s conclusion to your classmates. 
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Design a Lab 
For this type of lab you are given some 
criteria that define what a successful result 
would look like. You then plan an 

, write the procedure, and 
perform it. You analyze your data and 
draw your own conclusions. 
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The Culminating Tasks 
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Case Study 

This features an issue that may 
involve several viewpoints or have 
more than one solution. Here is an 
opportunity for you to use the 
different ideas you have learned 
from the unit or collected from other 
sources to form your own opinion. 


Career and Profile 

Here you will find 
interesting profiles or 
interviews with people 
whose careers are related 
to the science and 
technology you study in 
the unit. 


Project 

This provides a hands-on opportunity 
for you to demonstrate what you have 
learned. The project requires you to 
apply some of the skills and knowledge 
that you have acquired to a new 


situation. 


Unit Summary 

At a glance, vou can find 
out all the key concepts 
you have learned within 
the unit. You can also 
read the summary of 
ideas in each section of 
the unit. This page can 
help you organize your 
notes for studying. 


Unit Review 

The Unit Review presents different 

categories of questions: 

* Vocabulary—a chance to 
demonstrate your understanding of 
the important terms in the unit 

* Knowledge—questions to test your 
basic understanding of the key 
concepts in each section of the 
unit 

* Applications—questions that 
require you to use.the ideas in 
more than one section in the unit 

* Extensions—questions that have 
you apply your learning beyond 
what you have studied in the unit 

* Skills Practice—questions that are 
related to specific skills you have 
learned in the unit 

* Self Assessment—opportunities to 
express your thoughts about ideas 
you have discovered in the unit Glossary 

The Glossary provides a 

comprehensive alphabetical list 

of the important terms in the 
book and their definitions. 
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Student Reference 

These pages provide 
references to lab safety and 
other basic scientific skills that 
will help you as you do the 
activities. Refer to these pages 
when you need a reminder 
about some of those skills. 


Icons 

means you will be working with toxic or unknown 

[e materials and should wear safety goggles for protection 
or as a precaution 


means you should wear rubber gloves for protection Now it's time to b« 


Ó means you should wear a lab apron to protect clothing 
O when handling the materials 


hope vou will enjoy vour 


scientific exploration using 


Addison Wesley Science 10“ 


means you will be working with glassware and you 
a should exercise caution to avoid breakage and possible 
injury 


E means opportunities exist for research on the Internet 
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“nergy and Matter... 
in Chemical. 1 | = 


©) Change. 


In this unit, you will cover the following ideas: 


[A1.0] The understanding that particles make up the underlying structure of matter has 
led to advancements in technology. 


M.1 Salety i boratory 
M.2 Properties and Classificatio 


Elements combine to form many substances, each with its own set of properties. 
A2.1 The Periodic Tabie and Atomic Stru 

A2.2 Naming lc 

A2.3 Properties and Class On o c anc ecular Com 

A2.4 Acids and Bases 

A2.5 Our Chemical Society 


Chemical change is a process that involves recombining atoms and energy flows. 
A3.1 Important Examples of Chemical C 

A3.2 Writing Chemical Equations 

A3.3 Five Common Types o 

A3.4 The Mole 


equations for si 
cant chemical reactions. As you we rough this unit, think abc 


following questions: 
. How has knowledge of the structure of matter led to other scientific 
advancements? 


2. How do elements combine? Can these combinations be classified, and can 
the products be predicted and quantified? 


3. Why do scientists classify chemical change, follo delines for 


nomenclature, and represent chemical change by equations 


At the end of the unit, you may be asked to do these tasks: 

Case Study Air Quality 
in this case study, you will analyze some of the factors that affect air quality. Based on 
your analysis, you will recommend legislation that should be developed to address one 
of these factors. 


Project Classifying Chemical Reactions Involving Magnesium 
For the project, you will perform tests to distinguish between several types of chemical 
reactions. By nating the reactants and observing the chemical c 
reactions and write balanced equations to describe them 


Wi Burning methane hydrate, a compound of ice 
and methane (natural gas) 


Wi Locations where methane hydrates have 
been discovered 


Ice burning like a candle! Is this a trick photograph? No, 
this substance is called methane hydrate, and it's a combi- 
nation of ice and natural gas (methane). Found at depths 
of 500 m to 3000 m. it forms under conditions of cold and 
great pressure. Methane is a molecule made up of atoms of 
carbon and hydrogen. (A molecule is a group of atoms 
bonded together.) In methane hydrate, the methane mole- 
cules are trapped in tiny cages formed by molecules of 
water freezing together to ferm ice. 

Methane hydrate is no mere curiosity. It has now been 
discovered under the seabed at the edges of every conti- 
nent in the world and under the arctic permafrost. It is the 
most abundant hydrocarbon in the world. An estimated 10 
to 25 thousand billion cubic metres of natural gas is 
trapped in methane hydrate. This is greater than the total 
of all known coal and petroleum reserves. 

In 2002. a group formed by the Canadian Geological 
Survey, the Japanese National Oil Company, and agencies 
from the United States, Germany, and India demonstrated 
the first commercial extraction process for methane from 
methane hydrate deposits in the Northwest Territories. 
Hot water piped underground melted the ice and released 
the methane. Why has this only been done recently? The 
total amount of methane is vast, but it is not very concen- 
trated when compared with conventional sources of 
methane and oil. That makes it more expensive to extract. 

This vast new energy source raises many issues. Here 
is a low-cost, plentiful supply of natural gas that could be 
exploited commercially. But would we want to do so? 
Methane is a greenhouse gas. When it is burned it 
produces carbon dioxide, another greenhouse gas. Do we 
want to continue using substances that could contribute to 
climate change? 

An interesting aspect of methane hydrate is that it may 
already have had a significant impact on global climate. It 
might be a controlling factor in the ice age cycle. Scientists 
know that in the past, vast amounts of ice formed on the 
continents over thousands of years, but then melted in 
several hundred years. A large release of methane hydrate 
may have been responsible for the end of the ice ages. 

The hypothesis works like this. During an ice age, 
water evaporates from the oceans and freezes in glaciers 
on land. Sea level drops. Less water in the oceans means 


r 


less pressure on the methane hydrate under the ocean floor. At some point, 
this pressure drops below a critical value, and a worldwide release of 
methane gas occurs. A massive amount of methane in Earth's atmosphere 
would have caused sudden global warming, ending the ice age. It is known 
that at the end of the last ice age 14 000 years ago, sea levels were 100 m 
lower than they are today. The ice age ended abruptly in North America at 
that time. Temperatures increased and sea levels rose. 

Is the role of methane in ending ice ages a scientific fact? No, it is a 
hypothesis that needs evidence to support or disprove it. Scientists continue 


to do research on methane hydrate, sharing ideas and individual insights. = 
Methane hydrate 


Activity A1 


QuickLab 
Combustible Bubbles 


(Teacher Demonstration) bent glass 


A safe and interesting chemical reaction is the combustion of TRIN T 

hydrogen gas inside a soap bubble. Note that safety glasses 

are necessary, but gloves are not—even if you are holding 3 mol/L HE! z 

the bubble in your hand when you light it. E soapy water 


Purpose 
To observe the combustion of hydrogen and oxygen in a Apparatus for generating hydrogen gas 
soap bubble 


x 1 o Use the hydrogen gas to blow a soap bubble. 
Sometimes, it helps to pick one of the larger bubbles 
ipment : 
E and blow hydrogen gas directly into that. 
sr dedans liquid 5 Important: Place the end of the tubing back under water 
g ng 990) one-holed rubber before lighting the soap bubble. 
hydrochloric acid stopper with glass 


(3 mol/L) fitting and flexible 


CAUTION: Never light the hydrogen gas coming directly out 


rubber tubing of the generator. It will backflash into the fiask, causing 


5 g mossy zinc 
candie 


400-mL beaker 
50-mL graduated Part 2: Causing Hydrogen Combustion 

eT © Place your hand into the water under a large hydrogen 
bubble and carefully lift the bubble out onto the palm of 
Procedure your hand. 


Part 1: Getting Ready (Your teacher will do this part.) o Bring the bubble over to the candle flame. Watch as the 
; bubble ignites. 


it to shatter. 


@® Fill the beaker with soapy water. 
© Seta lit candle in a handy place near the apparatus. Question 


© Place 20 mL of hydrochloric acid in the Erlenmeyer 1. Suppose you could put both hydrogen gas and oxygen 
flask, and drop in 5 g of mossy zinc. Place the rubber gas together into the soap bubbles. How do you think 
stopper—tubing set on the flask, and place the end of the this would affect the way the bubbles ignite? 
tubing in the soapy water, as shown in the diagram. 


Exploring 


5 


Key Concepts 
In this section, you will learn about the 
following key concepts; 


* Workplace Hazardous Materials Information 
System (WHMIS) and safe practices 
* evidence of chemical change 


* how chemical substances meet human 
needs 


Learning Qutcomes 
When you have completed this section, you 
will be able to: 


* illustrate an awareness of WHMIS 
guidelines, and demonstrate safe practices. 
in the handling, storage. and disposal of 
chemicals in the laboratory and at home 


* identify examples of how early humans 
worked with chemical substances to meet 
their basic needs 

* outline the role of evidence in the 
development of the atomic model consisting 
of nucleons (protons and neutrons) and 
electrons through the work of Dalton, 
Thomson, Rutherford, and Bohr 


* describe evidence for chemical change 


The understanding that particles 
make up the underlying structure 
of matter has led to advancements 
in technology. 


DI LUI Al! the materials we wear and use result from the various ways that atoms 
combine These combinations form substances with different properties. 


ur world is full of a rich and complex variety of materials, 
O natural and manufactured. Cotton and wool fabrics 

clothe us. Precious jewels decorate our bodies. Metal and 
concrete form skyscrapers. Plastics are everywhere. We wear them; 
we eat off them; and we drive in them. They are one of the most 
commonly used materials in the world today. 

People have discovered and taken advantage of different proper- 
ties of materials for thousands of years. To do this, they have 
invented a variety of chemical technologies. f 

In this section, you will begin by reviewing lab safety rules and 
safety symbols. Then you will review the differences between phys- 
ical and chemical properties of substances and how to recognize 
chemical reactions. You will also read about various ways in which 
early human societies discovered and used naturally occurring mate- 
rials, Finally, you will learn how an understanding of matter 
developed gradually over the centuries, and how experimental 
evidence led to changing models of the atom. 
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A1] Safety in the Laboratory 


Everyone in the class must act safely and responsibly. 


Working in the science laboratory involves taking precautions and mini- 
mizing hazards. For example, to avoid poisoning, we take the precaution of 
never eating in the lab. We also minimize the chance of poisoning by washing 
our hands. We avoid scalding by keeping far enough away from beakers with 


Safety must be an essential part of all your science studies. Your safety and = 
the safety of your classmates and your teacher are of the highest importance. 

Safety depends on awareness, knowledge, and action. You must be aware 
of known hazards and alert to the possibility of unforeseen ones. You must 
know how to use the right equipment and what to do in an emergency. But 
knowing isn't enough. Ultimately, it's what you do that makes the difference 
to your being an asset or a liability to others. Fooling around is forbidden. 


~ [nfoBiT 


According to the Alberta 
Department of Human 
Resources and Employment, 
workers with less than six 
months of experience are 
three times more likely to be 
injured than those with a 
year or more of experience. 
Young workers are 33% more 
likely to be injured on the 
job than older workers. 


boiling water so that, even if they break, the water will not reach us. If we 
must move a beaker of hot water, we make sure to inform others so they can 
stay out of the way, and we use the correct kind of tongs for lifting. 

Eve safety, in particular, is critically important. The eye's surface is very 
fragile tissue, and damaging it can have life-long consequences. Regular 
eyeglasses are not enough protection. Eyewear approved by your teacher will 


have side shielding and other safety features. 


Understanding the Rules 


Safety rules also help you minimize the risks of working in the lab. It's impor- 
tant to understand and follow the list of safety rules below. Your teacher will 
discuss any other specific rules that apply to your classroom. For more infor- 


mation on lab safety, see Student Reference 1: Safety. 


Science Laboratory Safety Rules 


1. Read all written instructions carefully before doing an 
activity. 

2. Listen to all instructions and follow them carefully. 

3. Wash your hands thoroughly after each activity and after 
handling chemicals. 

4. Wear safety goggles, gloves, or an apron as required. 

5. Think before you touch. Equipment may be hot and 
substances may be dangerous. 

6. Smella substance by fanning the smell toward you with 
your hand. Do not put your nose close to the substance. 

7. Do not taste anything in the lab. 

8. Tie back loose hair and roll up loose sleeves. 

9. Newer pour liquids into containers held in your hand. Place 
a test tube in a rack before pouring substances into it. 


10. 


11. 


12. 


13. 
14. 


15. 


===- 


Clean up any spilled substances immediately as 


instructed by your teacher. 1 
Never look into test tubes or containers from the top. 1 
Always look through the sides. 


Never use cracked or broken glassware. Make sure you 1 
follow your teacher's instructions when getting rid of 1 
broken glass. 

Label any container you put chemicals in. 1 
Report all accidents and spills immediately to your 1 
teacher. 

Read the WHMIS (Workplace Hazardous Materials | 
Information System) safety symbols on any chemical l 
you will be using and make sure that you understand all 

the symbols. See Student Reference 1 at the back of this 
book. 
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Safety Hazard Symbols 
The first step in doing any science activity is to read the procedures all the " 
way through to make sure you understand them. Carefully note any Material Safety Data Sheet 


"Caution" boxes containing specific safety warnings. All activities in this text 
that require special precautions have safety icons next to the “Materials and 


Equipment" heading. These icons will alert you when you need to wear 
safety goggles, gloves, or an apron, and when vou must be careful handling 
m glassware, 
The next step before beginning an activity is to check the warning 
symbols in the list of materials you will be using. Also check for hazard 


explosive corrosive 


Mammabie 


symbols on the containers of these materials. All hazardous materials have a 
label showing a hazard symbol. You may have seen these labels on chemical 
substances in your kitchen or garage. For example. window cleaner may 
contain ammonia, which is toxic and corrosive. Spray paint cans show labels 
warning that they are flammable and explosive. 

Each hazard symbol shows two pieces of information: 


Hazard symbols 
indicate both the type of hazard and 
the degree of hazard. 


* the degree of hazard, indicated by the shape and colour of the border. 
The degree increases from a yellow triangle meaning "caution," to an 
orange diamond meaning "warning," to a red octagon meaning 
“danger.” 

the type of hazard, indicated by a symbol inside the border 


Examples of these hazard symbols are shown in Figure AI. 2. Figure A1.3 Material Safety Data Sheets 


shows an example of hazard symbols on a common household product. In Canada, manufacturers of all hazardous products used in workplaces, 


including schools, must provide information sheets about their products. 


WHMIS The Material Safety Data Sheet (MSDS) identifies the chemical and physical 
hazards associated with each substance. It includes physical data, such as 
The Workplace Hazardous Materials Information System (WHMIS) is melting point and boiling point, toxicity, health effects, first aid, and spill 
another system of easy-to-see warning symbols on hazardous materials, and leak cleanup procedures. WHMIS regulations require employers to make 
shown in Figure A1.4. These eight symbols are designed to help warn and these sheets available to employees who use hazardous substances in their 
protect people who use hazardous materials at work. You will see the work. Figure A1.5 shows an example of an MSDS for a substance that you 
symbols for dangerously reactive material, corrosive material, and poisonous might use in a science activity. 
material next to the names of some of the chemicals you will be using in this y 
unit. Follow your teacher's instructions in carefully handling and disposing Minds On... Reading an MSDS for Household Bleach Solution 


of all chemicals. 


Your teacher will give you a copy of an MSDS for bleach Find the section under First Aid Measures and record 

solution. Use this MSDS to answer the following questions. the instructions for what to do in case of eye contact. 
1. List three synonyms for the name "bleach." If a fire were to break out near bleach, should the bleach 
itself be considered a fire hazard? What special equip- 


set dangerously reactive oxidizing material poisonous and infectious 2. Bleach solution has two ingredients. What are they? ment is required to fight a fire in which bleach is 
E] This spray paint material materia! causing immediate Which of these ingredients are hazardous? present? 
s both flammable losi and serious toxic effects 1 : . i SAS 
E Pape 5 Mention 8 son Suppose someone drank bleach. Should the first aid 
"Emergency Overview," there is a short summary. Fi procedure include inducing vomiting to get the solution 
the summary and record it. out of the person? What other treatments are possible? 
4. Read the list of potential health effects. Copy down the Find out what is t by the term "chronic ee 
flammable and biohazardoos corrosive poisonous and intectious potential health effect caused by eye contact. 
combustible material infectious material materiai material causing other 
toxic effects 


WHMIS bi 
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SEARCH — 


Tf you have a job, find out 
what questions you should 
be prepared to ask your 
employer about your safety 
on the job. Also find out the 
answers you should expect 
to get. Begin your search at 


The Most Important Safety Feature 


You are the most important safety feature in the lab. If you or your classmates 
do not behave safely, all the safety information, equipment, and procedures 
will not protect you. Know how and when to use safety equipment in your 
science lab. Be aware that emergencies can happen suddenly and unexpect- 
edly. Spend some time working out emergency scenarios, and decide in 
advance what needs to be done. Know where the safety equipment is and 
where the MSDSs are. 


Environmental Safety 


In Canada, many regulations govern the safe production, transport, storage, 
usage, and disposal of chemicals. One of the main reasons for these rules is 
the protection of the environment. A chemical release in the wrong place can 
kill plants and animals, contaminate a water supply, or lead to the entry of 
poisons into the food chain. For this reason, never pour any chemical down 
the sink unless your teacher gives permission first. If in doubt, ask or refer to 
à Material Safety Data Sheet. You will learn more about chemicals and the 
environment in section A2.5, 


Check and Reflect 


Activity A2 


Decision-Making Investigation 


Chemical Information 
- Begin your search at 
www.pearsoned.ca/school/science10 


The Issue 


You will be given a list of the top 20 chemicals by volume 
produced in North America. Most of these chemicals have 
hazards of some sort associated with them. Your teacher will 
assign you one of these chemicals to research. 


Background Information 


Using the Internet or other information resources, find an 
MSDS for your chemical. Look for the basic safety informa- 
tion about it. In particular, investigate chronic and acute 
hazards, and handling procedures. Look up the terms 
“chronic” and "acute" if you do not know what they mean. 

Using the Internet, find out some of the important uses of 
your chemical and whether debate exists about its 
manufacturing, use, transportation, or disposal. Is there any 
concern about this chemical in your community? 

Many debates over chemical use are quite complicated. 
Try to find a balance of opinions representing a variety of 
viewpoints. 


DT rr 


Required Skills 
= Initiating and Planning 

= Performing and Recording 
= Analyzing and Interpreting 


Communication and Teamwork 


Analyze and Evaluate 


1. From your research, do you think your chemical would 
be safe to use in the home and in the lab? Explain. 


2. Prepare an information pamphlet or a poster that can be 
read easily from a distance of about 1 m. Set up your 
poster in three parts: 

a) Description: the chemícal's name or names, its 
ranking by volume, relevant safety information, and 
most common uses 

b) Issues About Its Use: any special considerations or 
regulations about its use; any issues related to its 
use, storage, or disposal. Try to give a variety of 
perspectives. 

c) Conclusion: conclusions you have drawn about this 
chemical; suggestions for further information needed 
to help people decide about using this chemical 


Knowledge 

1. Why is it important for all students to follow 
the safety rules in a science class? 

2. List precautions used in the science 
laboratory to minimize the following risks: 
a) poisoning 
b) scalding 
c) eye damage 

3. What does the hazard warning label mean on 
each of the chemical containers shown in the 
diagrams below? In your answer, specify 
both the type and degree of hazard. 


Og 
(3) | 1 
2 ü 9 
v 
(c) [5] 


Warning labels for question 3 


4. Provide an example of a hazardous substance 
that you would find in the: 
a) kitchen d) garden 
b) bathroom e) automobile 
c) garage 

5. What does WHMIS stand for? 

6. What is a Material Safety Data Sheet? List 
three specific types of information that it 
provides. 


7. List the steps you should take before starting 
à science activity. 

8. Draw a sketch of your classroom or science 
lab indicating the location of all emergency 
equipment and exits. 


Applications 


9. Write the words "lab safety" in the middle of 
a page. Draw at least 10 lines radiating out 
from it. At the end of each line, list 
important ideas relating to safety in the 
science classroom. 

10. What safety rules specific to vour class has 
your teacher given you? 


11. List the steps that you would need to take to 
help someone in the following scenarios. 

a) During cleanup after a lab, acid splashes 
in someone's eye. 

b) While using an open flame, someone's 
fuzzy sweater catches fire. 

c) While your partner is boiling water in a 
beaker, the fire alarm goes off. 

d) Your partner has just poured some bleach 
into what you thought was a beaker of 
water. You see many bubbles rapidly 
beginning to form throughout the 
mixture. 


Extension 

12. Read the labels of several hazardous 
household products where first aid treatment 
is described. What do the treatments have in 
common? 
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Why do prospectors carry 
hydrochloric acid? Gold and 
pyrite look very similar but 
only one of them is 
valuable. Pyrite is known as 
fool's gold because so many 
people have been fooled 
into thinking it was real 
gold. But the two minerals 
have different chemical 
properties. Pyrite dissolves 
in hydrochloric acid, and 
gold does not. 
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into breeds help: classify them 
Each breed is recognized by certain 
characteristics. 


Ale Properties and Classification of 
Matter 


How many dogs are there in the world? Even if you could find an accurate 
answer to this question, it would not tell you very much about dogs. You can 
learn much more about dogs by looking at their different classifications. 
Breeders have classified dogs into several hundred breeds. Each breed has 
unique markings, physical attributes, and personality types (Figure A1.6). 
The various breeds can be combined into a smaller number of groups that 
identify what they are used for, such as companion dogs or hunting dogs. 
Other ways of classifying dogs are based on their size or geographic origin. 

Similarly, scientists use classification systems to help them work with 
the millions of compounds that have been discovered or synthesized. No one 
can possibly know more than a small fraction of them in detail. Chemists get 
around this problem by classifying compounds by their characteristics. They 
use several different classification systems, depending on which is most 
useful at the time. For example, all matter at room temperature (25°C) can be 
classified as solid, liquid, or gas. However, this system has limited useful- 
ness. For example, bromine, mercury, and water are all liquids, but they have 
very few other properties in common. A more useful way to classify 
compounds is by their physical and chemical properties. 


Classification 


Sometimes, mixtures need to be separated into pure until the sand settles out. Working with your partner, develop 
substances. The first step is to classify the components of a procedure to separate each of the following mixtures. 


the mixture according to their physical properties. The differ- 


ences between these properties can be used to separate the 
substances. For example, in a mixture of water and sand, 
one is a solid and the other is a liquid, and they have different 
densities. Separating them is easy: simply let the mixture sit 


a) sugar, water, sand 

b) table salt, aluminium filings, iron filings 

c) vegetable oil, aluminium filings, table salt, water 
d) water, table salt, sugar 
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Properties Used to Classify Substances 


Physical properties describe the physical appearance and composition of a 
substance. Table A1.1 lists common physical properties used for classifying 
substances. 


IEEE Common Physical Properties Used for Classifying Substances 


Physical Property Description 


boiling point or condensation point temperature of boiling or condensing 


melting point or freezing point temperature of melting or freezing 


malleability ability to be beaten or rolled into sheets without 
crumbling 


ability to be stretched without breaking 


ductility 


colour 
state solid, liquid, gas 


colour 


solubility ability to dissolve 


f t crystalline rance (Figure Al. 7 
crystal formation Ty! appea (Fig ) 
conductivity ability to conduct heat or electricity 


magnetic attraction between objects 
(iron, cobalt, and nickel, and electromagnets) 


magnetism 


Chemical properties describe the reactivity of a substance. For example, 
calcium reacts vigorously when placed in water (Figure A1.8). This is one of 
calcium’s chemical properties. Table A1.2 lists some common chemical 
properties used for classifying substances. 


Description 
combustion (flame, heat, light) 


ability to burn 
flash point 
behaviour in air 


temperature needed to ignite a flame 


tendency to degrade, react, or tarnish 


reaction with water tendency to corrode or dissolve 


reaction with acids 


corrosion, sometimes bubble formation 


reaction to heat | tendency to melt or decompose 
+ 
reaction to red and blue litmus red—acid; blue—base; 
no colour change—neutral 


A 


[a LINE The formation of 
crystals is a physical property that 
can be used to classify substances. 
On the left is a typical crystal formed 
by the mineral quartz (80 
Glass (right) is an amorphous. 
substance: it never forms crystals. 


Caium reacts 


vigorously with water. 
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Paint is a heterogeneous 
mixture that contains at 
least three components: 
pigment, resin, and solvent. 
The tiny bits of pigment 
provide the colour and float 
in a mixture of resin and 
solvent. The resin forms a 
film to hold the pigment in 
place when dry. The solvent 
keeps the paint liquid until 
it is applied. Most paints 
are toxic until dry. 


FIGURE A1.10 Paint isa 


Pure Substances and Mixtures 


Recall from science classes in other grades that matter can be classified as 
pure substances and mixtures (Figure A1.9). In a pure substance, all the 
particles that make up the substance are identical, so its chemical and 
physical properties are constant. A pure substance may be an element or à 
compound. Recall from grade 9 science that an element is a pure substance 
that cannot be broken down into other substances. It is a substance made up 
of only one type of atom. For example, both gold and helium are elements. A 
compound is a chemical combination of two or more elements in a specific 
ratio. For example, water is a pure substance made up of water molecules. 
Each water molecule consists of two hydrogen atoms and one oxygen atom. 
Its formula is H,O; Water's properties are constant: it is a liquid at 25°C. It 
freezes at 0°C, and it boils at 100°C at sea level. 

A mixture is a combination of pure substances. The proportions of the 
pure substances in a mixture vary, so the properties of the mixture vary as 
well. For example, the sweetness of lemon juice increases as the proportion 
of sugar in it increases. In a mechanical mixture, such as soil, the different 
substances are visible. It is also called a heterogeneous mixture. (The prefix 
"hetero-" means "different.") A suspension is another kind of mechanical 
mixture, where the components are in different states. For example, mud is a 
suspension of dirt in water, and a sandstorm is a suspension of sand in air. A 
colloid is similar to a suspension but the suspended substance cannot be 
easily separated from the other substance. 

In some mixtures, the separate components are not visible. These are 
solutions. They are called homogeneous mixtures because they look the same 
throughout. (The prefix "homo" means “same.”) In a solution, one substance 


You can identify pure substances by observing their physical and chemical 
properties. The melting point, boiling point, state, and colour of a substance 
are examples of physical properties. A physical property is measured 
without changing the identity or composition of a substance. For example, to 
find the melting point of water, you could heat a block of ice until it melts. 
The melting point is the temperature at which the ice changes to liquid water 
(0*C). The liquid water differs from ice in appearance, but it has the same 
composition. The formula of the ice, H,O,,,, is the same as the formula of the 
liquid water, H,O; In fact, we can freeze the liquid water to obtain the ice 
again. 


Chemical Reactions 


To observe a chemical property, you must see a chemical change. For 
example, one of the chemical properties of hydrogen gas is that it can 
combine chemically with oxvgen to form water. To observe this property. we 
must burn hydrogen with oxygen. Through the chemical change, the original 
hydrogen gas disappears, and a new substance, water, takes its place. (The 
oxygen gas also disappears.) We cannot recover the hydrogen easily from the 
water by any physical means, such as melting or boiling. In another example, 
an iron nail rusts from contact with water and air. This tendency of iron to 
corrode when wet is one of its chemical properties. This property can be used 
to distinguish iron from less reactive metals, such as platinum. 

A chemical change is more formally called a chemical reaction. A chem- 
ical reaction is a process that occurs when a substance or substances react to 
create a different substance or substances. Chemical reactions always involve 


1 is dissolved in another. For example, a soft drink is a solution composed the production of new substances with their own physical and chemical 
mainly of sugar dissolved in water. properties. As well, energy is always absorbed or released during a chemical 
Mixtures such as paint, glue, and motor oil are important materials. reaction. 
However, they can be difficult to classify because they are not pure 
substances and do not have constant properties. Pure substances are much 
easier to classify. Elements are classified in the periodic table, and many 1 i 5 
compounds can be classified either as ionic or molecular. Another important Skill Practice Preparing for a Lab Activity 
method of grouping compounds is as acids, bases, or neutral solutions. You 
will learn more about acids and bases in section A2.4. In Activity A3, you will complete and observe several chem- 2. Many solutions are coloured, but many are not. 
ical reactions. Chemical reactions may produce gases. Distinguish between the terms "clear" and "colourless." 
Solids (called precipitates) may form when two solutions . Observations describe a fact or facts. Interpretations 
are mixed. Colour changes may occur. Two solutions that are explain a fact or facts. Which of the following are obser- 
clear and colourless may produce an opaque, or light- vations, and which are interpretations? If you think you 
blocking, precipitate. The precipitate may look cloudy and need more information to decide, state what else you 
may be white or some other colour. Temperature changes would need to know: 
may occur, which can sometimes be detected just by wrap- a) Mixing the two chemicals caused the production of a 
ping your fingers around the test tube. white precipitate. 
1. Define or describe each of the following terms, which b) The white precipitate was silver chloride. 
you may use in your observations: c) The solution began to boil. 
a) precipitate d) The solution began to form bubbles. 
b) homogeneous e) Mixing the two chemicals caused a gas to be 
c) heterogeneous produced. 
Classification of matter d) opaque 
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Activity A3 


Inquiry Lal 


Evidence of Chemical Change 


The Question 


What observable changes happen when a chemical reaction 
occurs? 


Materials and Equipment 
1 piece of zinc metal 


dilute hydrochloric acid 

sodium hydroxide solution 2) 
phenolphthalein indicator 

2 pieces of magnesium metal strip ® 
dilute sulfuric acid 


bromothymol blue indicator 

sodium chloride solution 

silver nitrate solution ( @ 
woll chloride solution (£3) 
vinegar 

7 test tubes in test tube rack 

candie 

matches 


CAUTION: Acids and bases can burn. If any spill, wash 
immediately with cold water. 


Procedure 


@® Read through the procedure and make a data table that 
includes space for the eight reactions in step 2. For 
each reactant, you will record its observable character- 
istics before the reaction, including colour and state 
(solid, aqueous). In your table, you will also record 
changes that you observe when you mix the reactants. 
Remember to give your table a title. 


© At the top of the right column is a list of pairs of reac- 
tants from (a) to (h). For each pair, record your 
observations about each reactant. For (a) to (g), care- 
fully mix each pair in its own test tube. For (h), carefully 
light the candle. Observe the results, and record as 


rn 


Required Skills 
= Initiating and Planning 


= Performing and Recording 
* Analyzing and Interpreting 
* Communication and Teamwork 


many observations about chemical change as you can. 

a) zinc metal and hydrochloric acid 

b) sodium hydroxide solution and phenolphthalein 
indicator 

€) magnesium metal strip and dilute sulfuric acid 

d) hydrochloric acid and bromothymol blue indicator 

e) sodium chloride solution and silver nitrate solution 

f) iron(Ill) chloride solution and sodium hydroxide 
solution 

9) magnesium metal Strip and vinegar 

h) candle wax and oxygen 


Your teacher may instruct you to add some tests by 
mixing any two of the substances in the materials 
section in combinations that were not tried in step 2. Do 
not mix any substances unless instructed to by your 
teacher. Record observations that may indicate that a 
reaction, if any, has occurred. 


© Follow your teacher's instructions for disposing of the 
substances you have used. 


Analyzing and Interpreting 


1. Consider those reactions in which a metal was placed in 
an acidic solution, such as reaction (a). Were the reac- 
tions similar in any way? 

2. Consider any reaction in which a solid (or cloudiness) 
was produced. Is there anything similar about the reac- 
tants in each reaction? 


3. What evidence is there that a burning candle involves a 
chemical reaction? 


Forming Conclusions 


4. List the types of observations you made in this activity 
that indicated that a chemical reaction had taken place. 


Extending 


5. List other types of measurements or experiments that 
could be done with the products to indicate that a reac- 
tion was occurring or that new substances had been 
produced. 


Recognizing Chemical Reactions 


Some chemical reactions are simple, and some are complex. All reactions 


share certain characteristics. These include: 


All reactions involve the production of new substances with their 
own characteristic properties. These properties include: state at room 
temperature, melting point, colour, and density. 

* All reactions involve the flow of energy. This may be detected by a 


change in temperature. 


* Many reactions cause a phase change, such as the formation of a gas 
(bubbles) or of a solid that appears as cloudiness in a previously clear 


solution. 


You will learn more about cherhical reactions in section A3.0. 


Check and Reflect 


Knowledge 
1. Define the following terms: 
a) boiling point 
b) malleability 
c) ductility 
d) solubility 


2. State the observations that would lead to the 
following conclusions: 
a) A solid is forming. 
b) A gas is being formed. 
c) The temperature increases. 


3. Water freezes at 0*C. At what temperature 
does it melt? 


4. A blue crystal is placed in water. After much 
stirring. the crystal disappears and the water 
becomes blue. The liquid is then heated. 
Eventually, all the water evaporates and 
many small blue crystals appear. Has a 
chemical reaction taken place? Explain. 

5. List two features common to all chemical 
reactions. 


Applications 
6. A waxy material is heated very slowly. 


Rather than melting at a particular 
temperature, it melts gradually over a range 


of temperatures starting at 52°C and finishing 
at 65°C. Is this material a pure substance or a 


mixture? 
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SEARCH 


Besides the states of matter 
you are familiar with, there 
are less common states, 
known as “exotic” states. One 
example is the gas inside a 
fluorescent light bulb when 
the light is tumed on. 
Research one of the following 
exotic states of matter: 
plasma, liquid crystal, the 
superconductive state, or 
other exotic state of your 
choice. Begin your search at 


edc 


7. A black solid with a constant melting point 
is heated to a high temperature, producing a 
gas, and a shiny brown metal. The boiling 
point of the gas is measured at —183*C, and 
the melting point of the metal at 1085*C. Is 
the black solid an element, a compound, ora 
mixture? Explain. 


8. Diamond is a pure substance and an element 
(carbon). Water is a pure substance and à 
compound. Suppose a number of diamonds 
are placed in water, and the water is then 
frozen. How should this material be 
classified? 


9. Fresh milk separates spontaneously into 
cream, which floats to the surface with a 
watery layer below. Homogenized milk is 
made by breaking the cream into tiny 
droplets and mixing them into the rest of the 
milk. This prevents the cream from 
separating. Is homogenized milk 
homogeneous or heterogeneous? 


Extensions 


10. Find out whether homogenized milk is a 
suspension, a colloid, or a solution. 


11. The formation of bubbles in a liquid may 
mean that the liquid is boiling. Or it may 
mean that a chemical reaction is producing a 
gas. List two ways to determine which is 
occurring: boiling or a chemical reaction. 
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Ancient Egyptians may have 
been the world's first 
chemists. Eye makeup has 
been found preserved in 
tiny vases inside tombs. 
Analysis of the makeup has 
shown that it was made of 
compounds that do not 
generally occur naturally. 


(a) Prickly rose 


F RE 
Alberta First Nations for a variety of 
purposes 


013 Developing Ideas about Matter 


Chemistry is about understanding the nature of matter and changing matter 
in useful ways. Ancestors of the First Nations people used their knowledge 
about the nature of matter and its processes to help them meet their basic 
needs. For example, the Blackfoot and Blood peoples of Alberta, like most 
Aboriginal groups around the world, have extensive knowledge of the use of 
plants. The prickly rose in Figure A1.11(a) produces fruit that can be eaten 
fresh, roasted, or dried and eaten in the winter. The roots, leaves, and seeds of 
many other plants, such as old man's whiskers in Figure A1.11(b), are also 
used by First Nations people for medicines. : 

Early in human history, people began to understand the relationship 
between temperature and the states of matter—solid, liquid, and gas. The 
discovery of how to start fires and keep them going led to new ways of 
processing and using materials. Water could be turned quickly from ice to 
liquid water to steam. Food could be cooked to make it tastier and to delay 
spoiling. Heat from fire could turn mud into brick, clay into ceramic, and 
sand into glass. 


Food Chemistry 


Cooking food was an important step in human survival, and so was the 
development of food preservation techniques. These physical and chemical 
techniques have been known for thousands of years and include drying, 
heating, freezing. fermentation, and chemical preservation. 

In earlier grades, you learned the difference between a physical change 
and a chemical change. In a physical change, the chemical components 
remain the same. No new substances form. Freezing is a physical change. A 
chemical change always results in the formation of different substances. For 
example, if you analyzed a cake after it's baked, its chemical composition 
would be different from the ingredients that were originally mixed to make it. 


Heating and Freezing 


Heating food temporarily sterilizes it. Sterilization is any process that kills 
micro-organisms. Roasting meat on a spit, or sharp stick, will heat sterilize it. 
So will cooking a hamburger, provided it is cooked thoroughly all the way 
through. Canning involves heat sterilization followed by sealing in an 
oxygen-free atmosphere. Freezing is another physical process that can 
preserve food almost indefinitely. The very low temperature prevents the 
growth of micro-organisms that cause decay. 


Salting 


Salting is a method of preserving meat and fish and is actually a method of 
drying. The salt draws water out of the meat. It also draws water out of 
bacteria, either killing them or making them inactive. Salted meat was used 
by sailors before other preservation techniques for meat were found. 
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Fermentation 


Unfortunately, certain nutrients, such as vitamin C, were not always retained 
when food was preserved. The absence of vitamin C in sailors’ diets caused 
the disease known as scurvy. Captain Cook, who explored much of the 
eastern Pacific Ocean for Great Britain, brought pickled cabbage on his 
voyages because it was known to prevent scurvy. Pickled cabbage (sauer- 
kraut) has a high vitamin C content, and was produced through a process 
called fermentation. Wine and beer are also made by a process of fermenta- 
tion. 

You may be surprised that ancient peoples knew how to preserve vegeta- 
bles for very long periods without the need for canning machines or freezers. 
One way this was done was through fermentation. Fermentation is a 
biochemical preservation technique involving bacteria called lactobacilli. 
These bacteria are present on the surfaces of all living things. They convert 
starches and sugars present in fruits and vegetables into a chemical called 
lactic acid. Lactic acid is a preservative that prevents the growth of bacteria 
that cause food to rot. The lactobacilli bacteria are beneficial to food because 
they make it more digestible and increase vitamin levels. Think about that 
the next time you bite into a pickle! 

Smoking was also a common means of chemical food preservation and is 
still used today. Bacon and smoked fish are common examples. Smoking 
introduces chemicals called antioxidants that slow the rotting process. Wood 
smoke contains some formaldehyde, which acts as a preservative. 


Metallurgy—An Early Branch of Chemistry 


Another early branch of chemistry was metallurgy, the science of producing 
and using metals. Until 3000 B.C., the only known metals were gold, copper, 
silver, lead, and iron. Gold was used extensively in ancient times as 
jewellery, because it is soft and easy to work with. But its softness—and its 
rarity—meant it was not suitable for weapons or equipment for hunting or 
farming. 

Copper has many practical advantages over gold. Because it is harder, it 
can be made into tools and weapons, as well as jewellery. The Inuit used 
copper found in the Coppermine River, which flows into the Arctic Ocean. 
This is often referred to as “native” copper because it occurs naturally in pure 
form. Besides spears, arrows, and knife blades (Figure A1.12), early Inuit also 
formed the copper into handles for pots, staples, and rivets. 

When people first began using copper, they hammered it into shapes, but 
this caused it to become brittle. Tools made from copper broke easily. A 
process called “annealing” solved this problem. Annealing is the heating of 
copper before it is hammered. Annealing changed the metal so it was no 
longer brittle when hammered. With this discovery, copper could be 
hammered into sheets and made into stronger tools and weapons. 


Lactic acid temporarily 
builds up in your muscles 
after very hard exertion 
when you can no longer 
supply enough oxygen. It 
causes the feeling of 
fatigued muscles. 


Harpoon head with a 


point made of copper and a holder made 
of antler. Inuit used it for hunting about 
800 years ago. 
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Pure copper found in the 
Nass River Valley in British 
Columbia and in Alaska was 
pounded into plaques like 
the one shown here. These 
plaques are simply called 
“coppers.” They were and 
still are important 
ceremonial symbols of 
status, wealth, and family 
heritage to several First 
Nations peoples who live 
along the west coast of 
North America, 
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Aristotle's elements were 
very different from the 
elements that we talk about 
in chemistry class. Each of 
his elements—fire, earth, 
water, and air—also had 
two main features. Fire was 
dry and hot; earth was dry 
and cold; water was wet and 
cold; and air was wet and 
hot. 


These early uses of copper relied on native copper. However, copper 
occurs this way only in small amounts. It is much more common in 
compounds with other elements. But copper in compounds was unusable 
until smelting technology was developed. Smelting is the process of sepa- 
rating a metal from the other elements in a compound by melting. Copper 
was being smelted in Egypt by 4000 B.C. 

Later, the discovery of tin ores caused a revolution in metallurgy. By 
2500 B.C., the Sumerians, in the Middle East, had begun smelting tin ores 
with copper ore. They found that the metal produced from this combination 
was much easier to cast than pure copper because it flowed more easily and 
was much stronger. The copper and tin formed an alloy called bronze. An 
alloy is any mixture of metals. Bronze made much strenger tools and 
weapons than either copper or tin alone. 

When people first began using metals, they thought iron was very rare. 
The only source seemed to be meteorites. Like copper, iron occurred more 
widely in mineral compounds. Eventually, a process for smelting iron 
became common at around 1200 B.C., and the Iron Age began. The production 
of iron tools revolutionized agriculture, and iron weapons did the same thing 
for warfare. When iron and carbon were combined in the right way, steel was 
produced. Steel was much stronger than iron alone. It was especially useful 
for hunting knives, armour, and swords. 

During early times, people discovered many ways of changing and using 
matter but still had no basic understanding of what it was. Greater under- 
standing was needed for the development of more advanced applications. 


Aristotle's Description of Matter 


What is matter? As early as 400 B.C., Greek philosophers were attempting to 
answer this question. Thev considered the idea that fundamental types of 
matter or elements could be combined to produce the incredible variety of 
substances that we see around us. The philosopher Aristotle believed that all 
matter was composed of combinations of fire, earth, water, and air. 

Another question was whether matter could be divided into infinitely 
smaller and smaller pieces. Or did it become indivisible at some point? 
Aristotle thought fire, earth, water, and air were all continuous, which meant 
that there was no such thing as a smallest piece. Democritus, another Greek 
philosopher, had a different idea. He proposed that matter was made up of 
tiny particles that could not be divided into smaller pieces. He called them 
atomos, meaning “indivisible,” The Greeks did not perform experiments to 
test their ideas, and it may not have occurred to them to try. Scientific 
investigation, based on experimentation, did not vet exist. 

Democritus's idea of matter being made up of tiny particles was closer to 
what we know of the structure of matter today. However, Aristotle was better 
known and well respected at the time. His idea of matter being made up of 
fire, earth, air, and water was accepted for the next 2000 years. 


Alchemy 


A scientific process of investigation did not exist, but that did not mean that 
no one was doing experiments. Alchemists like the one in Figure A1.13 were 
experimenting with matter. Alchemy was a combination of science and 
magic. Many alchemists hoped to get rich quickly by turning cheap metals, 
such as lead, into gold. Because of this, alchemists were secretive about their 
work. This meant that scientific knowledge was slow to develop, because 
people did not work together or share information about their discoveries. 
When an alchemist died, his knowledge disappeared with him. The same 
information had to be discovered again by others. Sometimes, this informa- 
tion was not rediscovered for hundreds of vears. 

Alchemy was not a real science, but it did contribute to the development 
of chemistry. Many important scientific advances were made during this 
period. Mercury was discovered, and procedures for making mineral acids, 
such as hydrochloric acid, were developed. Alchemists also developed or 
improved laboratory equipment, such as glassware and the distillation 
apparatus. 

In the late 1500s, people began to ask questions about how to investigate 
the natural world. They wondered if there was a specific procedure that 
could lead to a better understanding of the world. This procedure would help 
to ensure that results and conclusions were meaningful and true. Gradually, 
the scientific process that involves experimentation, observation, and 
forming conclusions developed. Student Reference 2: The Inquiry Process 
will help you use this process in your own investigations. 

Like the Greek philosophers, early scientists were interested in the 
question: What is matter? They began to debate if the “atomos” proposed by 
Democritus thousands of years earlier existed. They called these tiny 
particles atoms. 


Developing Hypotheses about Matter 


Many scientists contributed evidence that led to our understanding of atoms. 
One of the first was the Irish scientist Robert Boyle, who lived from 1627 to 
1691. Boyle measured relationships between volume and pressure of gases. 
From his experiments, he concluded that gases are made up of tiny particles 
that group together to make different substances. This is similar to today's 
theories, but we have a much better idea of what these basic particles are. 

The French scientist Antoine Lavoisier (1743-1794) measured the 
masses of the substances that reacted together and the substances produced 
in many chemical reactions. He discovered that mass is neither produced nor 
lost during a chemical reaction. He called this the law of conservation of 
mass. You will learn more about this law in section A3.0. 

During this early period, many scientists were investigating matter, and 
many models of atoms. were proposed. However, four classic models are 
always discussed because they are examples of the scientific process at its 
best. Each model is founded on an experiment. Although each model is 
attributed to one person, all the scientists applied their own insights to pre- 
existing ideas. The works of Dalton, Thomson, Rutherford, and Bohr 
illustrate the role of evidence in the development of the model of the atom. 
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developed many experimental 
techniques used later by chemists to 
make important discoveries. 
Chemistry developed very slowly 
during this early period. 
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Minds On... 


Atomic Models 


As you read about the different models of the atom, record the development in the understanding of the atom by showing the 
differences from one model to the next. Compare Dalton's model to Aristotle's ideas, which were replaced by Dalton's work. 


| FIGURE A1.14 Daton described 
atoms as tiny balls. The atoms of 
different elements were different in size 
and mass. 


John Dalton 


John Dalton (1766-1844) was an English chemist and physicist who 
made many contributions to chemistry. He based his model of the atom 
on experiments he did in combining elements. 

Dalton imagined that all atoms were like small spheres, but that they 
could have different properties, They varied in size, mass, or colour. 
Figure A1.14 shows how Dalton imagined atoms to look. 


Dalton used the following model to explain matter: 
* All matter is made of small, indivisible particles called atoms. 


* All the atoms of an element are identical in properties such as size 
and mass. 


* Atoms of different elements have different properties. 


* Atoms of different elements can combine in specific fixed ratios to 
form new substances. 


J. J. Thomson 


Joseph John Thomson (1856-1940) was an English physicist who discov- 
ered the electron. 

In the 1890s, Thomson was experimenting with beams of particles 
produced in a vacuum tube like the one shown in Figure A1.15. 
Thomson's experiments showed that the beam was made of negative 
charges. By testing many different elements, he showed that they all 
produced the same type of beam. This suggested that atoms of different 
elements contained smaller particles that were identical. 


electricity source 


GOTAIEH J.J. Thomson used this apparatus to produce beams of particles. 


Thomson used his experimental evidence to develop a new model of the 
atom (Figure A1.16). His model stated that all atoms are made of smaller 
subatomic particles put together in different combinations to make the 
different elements. He suggested that an atom was a sphere of positive charge 
in which negative particles were imbedded. The negatively charged particles 
were called electrons. The Japanese scientist H. Nagaoka proposed a different 
model in 1904. He placed the electrons on the outside of the sphere. There 
they travelled around the central sphere in a pattern like the rings around the 
planet Saturn. Both models were useful explanations but neither one 
remained acceptable for very long. 


Ernest Rutherford 


Ernest Rutherford (1871-1937) began working with radioactive substances in 
England with J. J. Thomson. Radioactive substances release energy or 
charged particles. Later, Rutherford did research at McGill University in 
Montreal, where he performed an experiment that led to the discovery of the 
nucleus of the atom. He had a radioactive material encased in lead with one 
small opening. This material released positively charged particles which he 
aimed at a thin sheet of gold foil (Figure A1.17). Using Thomson's model of 
the atom, he predicted that all the high-speed particles would pass right 
through the foil. The gold atoms would either have no effect on the particles 
or would deflect them slightly. This is exactly what happened to most of the 
particles. However, a few—about 1 in 10 000—bounced back, and a few 
others were sharply deflected. This was entirely unexpected. 

Rutherford compared this result to firing a cannon ball at tissue paper, and 
seeing the cannon ball bounce back occasionally! Rutherford knew that even 
though the unexpected results happened rarely, they still meant that Thomson's 
model was wrong. Rutherford developed his own model (Figure A1.18). 
He suggested that an atom is mainly empty space through which the positive 
particles could pass, but that each atom had a tiny, positively charged core. 
This dense core of positive charge was so strong that it was causing some of 
the positively charged high-speed particles to bounce back. Electrons move 
through the rest of the atom’s volume. Rutherford called the small dense 
centre the nucleus. He calculated the size of the nucleus to be about 1/10 000 
of the size of the atom. This is like the size of an ant in a football field. 
Rutherford received the Nobel Prize in chemistry in 1908 for his work on 
radioactivity. 


radioactive Source: 
for particles 
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in Thomsons 
model, the atom was made up of a 
positively charged sphere with 

negative particles embedded in it. 


model of the atom had a tiny 
positively charged nucleus. 


Rutherford was surprised when ail the particles did not go straight through the 
Qoid foil. He realized that each atom must have a dense core of positive charge. 
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Neon signs glow because of 
electrons changing energy 
levels. Electricity is used to 
raise electrons to high 
energy levels in the atoms 
of the neon gas. When the 
electrons move back down 
to lower energy levels, they 
release the energy, much of 
it in the form of visible 
light. 


(SEARCH 


Rutherford knew that the 
nucleus is composed of 
many positive charges that 
would tend to fly apart. This 
implied the existence of 
some unknown force capable 
of holding them together. 
Investigate the strong 
nuclear force that holds 
protons and neutrons 
together in an atom. Begin 
your search at 


Neils Bohr 


Neils Bohr (1885-1962) was a Danish physicist who worked under 
Rutherford in England. He proposed that electrons surrounded the nucleus 
in specific energy levels (Figure A1.19). He found evidence for these energy 
levels by examining the light released by hydrogen atoms when they are 
made to glow in a tube. 

Figure A1.20 shows the different colours of light emitted by hydrogen 
atoms. The individual bands of light correspond to gaps between the energy 
levels of the electrons. When electrons fall from higher energy levels to lower 
energy levels, they release a particular colour of light. From these colours, it 
is possible to identify the energy levels in atoms of all the elements in the 
periodic table. Figure A1.21 shows the relationship between the colours of 
the hydrogen emission spectrum and energy levels in atoms. 

Bohr's experiments also partly explained why the negatively charged 
electrons do not merge with the positively charged nucleus. The reason is 
that electrons cannot fall below the lowest 'energy level. Thus an electron 
cannot fall into a nucleus under normal circumstances. 
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lithium fluorine 
atom atom 


Bohr's model of the 
atom shows electrons at diffe 
is orbiting the nucleus. 


[ii A1 2 The hydrogen emission 
spectrum. Bohr used the range of light emitted 
by hydrogen atoms in his studies of the atom 


Electron 
levels and the hydrogen emi: 
Spectrum. When an electron falls from 
the third energy level to the second 
energy level, red light is emitted. When 
it falis trom the fourth energy level to 
the second energy level, bi reen 
light is emitted. Similarly, a fall from 
the fifth to the second energy level 
emits violet light. 


The Quantum Mechanical Model of the Atom 


Today’s model of the atom (Figure A1.22) is based on a theory called 
quantum mechanics. This abstract model is difficult to visualize. It uses 
mathematical probability to describe how electrons exist in atoms. Each elec- 
tron can be thought of as a “cloud” of negative charge, instead of a tiny 
negative particle, Rather than thinking of the electron as a small particle 
moving quickly through a space, as Bohr originally did, the whole idea of 
electron movement is abandoned. Instead, electrons “occupy” the whole 
space all at once at different energy levels. 

The electron cloud surrounds a nucleus containing two types of particles 
called nucleons: protons and neutrons. Protons have a positive electrical 
charge, and neutrons have no electrical charge, This model of the atom could 
change in the future as scientists learn more about the atom and subatomic 
particles. 


FIGURE A1.22 in the model 


of the atom that scientists use 
yy, electrons form a cloud 
around the nucleus. 


Check and Refle 


Knowledge 


1. List three methods for preserving food. For 
each method, state if it is a physical process 
or a chemical process. 


Applications 


9. The First Nations people of North America 
used copper extensively. However, there is 
no evidence that they developed smelting 
technology. Why do you think they did not 


2. Of the five metals known to early peoples, need to develop this technology? 


iron was the rarest. Why? 

10. Sketch four diagrams of models of the atom 
proposed by Dalton, Thomson, Rutherford, 
and Bohr. Label the important parts of each. 


3. How did the discovery of tin ores affect the 
smelting of copper? 


4. List three examples of advances in chemistry 


5 11. Think about the quantum mechanical model 


of the atom. Why is it incorrect to think of 
the electrons in the atom as being like 
planets that move around the Sun? 


5. List the four basic ideas proposed by Dalton 
in describing the nature of matter. 


6. What particle did J. J. Thomson discover? 
Where did this particle fit in his model of the 
atom? 12. Write a conversation between Democritus 

7. Describe the evidence that led Rutherford to and Aristotle in which they debate their 
the discovery of the nucleus. different ideas about the composition of 

matter. 


Extensions 


8. How did Bohr use light emitted from atoms 

to decide that electrons existed in specific 13. Rutherford was a student in J. J. Thomson's 
laboratory. Write a letter from Rutherford to 
Thomson in which he explains his new 
experiments that seem to make Thomson's 
model of the atom obsolete. 


energy levels? 
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Pauline Lee is a chemical 
engineer at Celanese Canada 
Inc. in Edmonton. She was born 
in Hong Kong and moved to 
Canada with her family when 
she was eight. She graduated 
from Innistail High School in 
Innisfail. Alberta. 


Chemical Engineer 


Chemical engineers work in careers related to the production and use of 
chemicals. Their jobs involve problem-solving and make use of chem- 
istry, mathematics, physics, and practical knowledge about applying 
scientific principles to specific applications. For example, a chemical 
engineer might work in recovering and recycling materials, developing 
pharmaceuticals, purifying water, or refining gasoline, 


— 

How did you prepare yourself for a career in chemical engineering? 

I was very good at mathematics and physics and went to the University of 
Alberta. I began in pharmacy, but moved into chemical engineering. I 
really enjoyed my classes. I found that I was very good at visualizing 
molecules, which helped me to understand what was going on. 
University teaches you how to think—how to be a detective discovering 
and understanding things like chemical processes. It also teaches you 
how to solve problems. 


Where have you worked as an engineer? - 

I worked at Sherritt International Corp. in Fort Saskatchewan as a produc- 
lion process engineer for eight years. They refine nickel from nickel 
sulfide ores and nickel recycle. I have worked for four years at Celanese 
Canada Inc. in the Methanol Unit as a process engineer. Methanol is à 
base for products, such as formaldehyde. We make methanol from natural 
gas and water at high temperatures and pressures using a catalyst. A 
process engineer helps to optimize the process. For example, energy effi- 
ciency is important—we try to use the least amount of steam possible. 


How is being an engineer different from studying engineering at school? 
In school, you are given a problem and have to find a solution to it. Asa 
process engineer, you have to find out what the problem is first. You make 
up your own questions, and then you answer them. Finding the right 
question leads you to the right answer. I really like my work. 


How important are environmental concerns to vou? 

Environmental concerns affect the way we look at our work and design 
our processes. We want to preserve the planet. For example, we reuse as 
much of our wastes as we can. Those that can't be reused are purified as 
much as possible. Our objective is that nothing leaves the plant in the 
form of wastes. As a process engineer, I am part of the team that designs 
and implements these goals. 


1. Why is problem-solving an important part of a chemical engineer's 
job? 


2. If you were a chemical engineer, what kind of products or processes 
would you like to work on? Why? 
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Knowledge 


1. How many fire extinguishers are in your science 
class and where are they? 


2. Explain why standard eye glasses are not 
enough eye protection in the science lab. 

3. Hazard symbols specify degree of hazard using 
three borders of different shape and colour. 
What are the name, shape, and colour of each 
degree of hazard? 

4. List four of the most important safety rules in 
your class. 

5. Explain what is meant by the term “chemical 
reaction." List two characteristics common to 
chemical reactions. 


6. What is fermentation? How is it used to preserve 
food? 

7. What is bronze? How is it made? 

8. What basic law of nature did Antoine Lavoisier 
discover by making careful measurements of the 
masses of the chemicals in his experiments? 

9. How did the discovery of the electron by 
J. J. Thomson change Dalton's model of the atom? 

10. Dalton imagined that all atoms are like small 
spheres. In what ways did he imagine the 
spheres could vary? 

11. How did Bohr's model of the atom begin to 
explain why the negatively charged electrons 
don’t simply fall into the positively charged 
nucleus? 

12. In the modern theory of an atom, do the 
electrons move within an energy level? How is 
an electron thought to exist in an atom? 


Applications 


13. What type of hazard symbol would you expect 
to see used for each of the following? 


a) bleach d) pesticide 
b) draincleaner e) solid fertilizer 
c) lube oil f) gasoline 


14. Imagine that you have discovered a new 
hazardous chemical. Describe your chemical, 
give it some characteristics, and then write a 
one-page MSDS for it. 


15. Classify each as a compound or a mixture: 
a) hot tea d) à cookie 
b) methanol, CH,OH;, e)] sugar in water 
c) NaCl, 


16. A radioactive material is placed in a lead 
shielding block with one hole leading to the 
outside, as shown below. What tests would you 
use for the following? 

a) Determine whether any radiation is coming 
out of the hole. 

b) Determine whether the particles of radiation 
have a positive charge, a negative charge, or 
no electric charge at all. 


£ block of lead 
possible escaping 1 


Diagram for question 16 


17. Rutherford concluded from his gold foil 
experiment that the nucleus of the atom was 
positively charged and most of the volume of 
the atom was negatively charged. The opposite 
conclusion would have been that the nucleus 
was negative and most of the volume of the 
atom was positive. Explain why this opposite 
conclusion was not made. 

18. Write a letter to John Dalton explaining why 
some of the four points in his model of the atom 
are not correct. 


Extensions 

19. Create a model of an atom that illustrates the 
nucleus and the location of surrounding 
electrons in their energy levels. 

20. Create a Web page or other electronic 
presentation that explains the development of 
the model of the atom from Dalton to Bohr. 
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Key Concepts 
In this section, you will learn about the 
following key concepts: 


* how chemical substances meet human 
needs 


» International Union of Pure and Applied 
Chemistry (IUPAC) nomenclature, ionic and 
molecular compounds, acids and bases 


Learning Outcomes 

When you have completed this section, you 

will be able to: 

* explain, using the periodic table, how and 
why elements combine to form compounds 
in specific ratios 

* explain the importance of and need for the 
IUPAC system of naming compounds in 
terms of the work that scientists do and the 
need to communicate clearly and precisely 

* predict formulas and write names for ionic 
and molecular compounds and common 
acids 


e classify ionic and molecular compounds, 
acids, and bases on the basis of these 
properties: conductivity, pH, solubility, and 
state 


< predict whether an ionic compound is 
soluble in water, using a solubility chart 


* relate the molecular structure of simple 
Substances to their properties. 


* outline the issues related to personal and 
societal uses of potentially toxic or 
hazardous compounds 


* identify examples of chemistry-based 
careers in your community 


aa 


Elements combine to form many 
substances, each with its own set 
of properties. 


" 
[3I VAN The brightly coloured fabrics we wear are the result of advances in chemistry 
over hundreds of years 


and how bright and varied the many colours are (Figure A2.1). 

There are red and yellow hues, deep blues, and dark, solid 
blacks. Most of the pigments used to make the dyes for these fabrics 
were not available as recently as 100 years ago. 

At first, clothing was coloured with dyes from natural sources, 
such as plants. Many of these colours were not as bright or intense as 
the ones we see today. An understanding of the elements and how 
they combine led to the invention and mass production of chemicals 
for dyes. 


T= of the many different styles of clothing that people wear 


In this section, you will review the elements and the periodic 
table. You will also review and learn more about the structure of the 
atoms that make up the different elements. This will lead to a study 
of how atoms combine chemically by gaining, losing, or sharing elec- 
trons. You will learn how to name substances and how to categorize 
them based on their properties. At the end of this section, you will 
consider how toxic and hazardous chemicals affect each of us and 
the environment. 


A . The Periodic Table and Atomic 
Structure 


We live in a world that contains a vast number of different materials. Yet the 
components of all these many materials can be separated into about 115 basic 
building blocks called the elements. Recall from earlier science studies that 
elements are substances that cannot be broken down into other substances. 
Some of the most familiar elements are carbon, oxygen, and gold. 


'The Elements 


There are about 90 naturally occurring elements, and another 25 synthetic 
elements. Based on their properties, all the elements can be divided into 
three classes: metals, non-metals, and metalloids. 


Metals 


Most of the elements are metals, Most are silver or grey in colour and shiny. 
They are all good conductors of electricity and heat. They are also malleable 
and ductile. Malleable means that they can be beaten or rolled into sheets 
without crumbling. Ductile means they can be stretched into long wires. 

Metals have many other properties in common, although there are differ- 
ences. For example, most metals are solids at room temperature (25*C). 
Mercury is the exception. It melts at -39°C. Another variable characteristic is 
how strongly metals react with other substances. Some metals, such as 
sodium, are highly reactive with air and water. Others such as platinum and 
gold are inert, or unreactive, except with the most corrosive acids. 


Non-Metals 


Only 17 elements are non-metals. They are grouped together mainly because 
of their lack of resemblance to metals, rather than their similarities to each 
other. For example, 11 of the non-metals are gases at 25*C, 5 are solids, and 1, 
bromine, is a red-brown liquid. There is also tremendous variation in colour. 
Fluorine is pale green, and chlorine is yellow. Iodine is violet. Some non- 
metals exist in different forms. For example, phosphorus has a red form and 
a white form. Both forms are stable at room temperature. Carbon can exist in 
three forms as shown in Figure A2.2. 

Some non-metals are highly reactive. Fluorine, for example, can etch 
glass. Noble gases, such as helium, are generally unreactive. About half of the 
non-metals exist at 25°C as connected groups of atoms called molecules, such 
as oxygen, O,. Others, such as neon, exist only as individual atoms. You will 
learn more about molecules in sections A2.2 and A2.3. 


Metalloids 


The remaining elements are called metalloids, and they have properties that 
are intermediate between metals and non-metals. For example, some metal- 
loids conduct electricity, but not very well. Silicon, used in the manufacture 
of computer chips, is a metalloid. Boron and arsenic are also metalloids. 


fo Err 


The blue colour in blue 
jeans comes from the 
pigment copper 
phthalocyanine, a synthetic 
pigment made from the 
elements copper, carbon, 
hydrogen, and nitrogen. 


(a) Diamond has a three- 
dimensional web of bonds, which 
makes it very hard. 


(b) Graphite has a two-dimensional 


network of bonds. It is very soft. 


(c) Buckminsterfullerene forms 
spheres. It is also sott. 


Ficufk A2 2 Carbon exists in 


three common forms. 
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The Periodic Table 


The periodic table organizes all the elements according to their 
chemical properties (Figure A2.3). Notice that the metals are 
located on the left side and centre of the table, and the non-metals 
are on the far right. In between are the metalloids. One exception 
is hydrogen. It is a non-metal, but it is located at the left side 
because it often behaves like a metal in chemical reactions. 

Each box in the table shows the name and symbol for each 
element. The symbol is often an abbreviation derived from the 
element's name. You can see that carbon's symbol is C. Some of the 
metals have been known for thousands of years. Their symbols are 
derived from their original Latin names. For example, the symbol 
for lead is Pb. It is derived from the Latin word for lead, plumbum. 


FIGURE A2.3 The 
periodic table displays the 
elements in an organized 
chart 
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[ILI az 4 Lithium, sodium, and 
potassium are alkali metals. The alkali metals are 
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gu The English word “plumber” is also derived from plumbum group 1 on the periodic table 
= is because Roman plumbers used lead piping. 
82 E zi 5 is Periods and Families 
E 8 zZ s La The periodic table is organized into rows and columns. Each hori- 
8 2 ET "asal ac zontal line or row is called a period. The periods are numbered 
Y — EE =i from 1 to 7. Hydrogen and helium make up the first period. Each 
z = vertical column forms a group or family of elements, numbered 
Š 8 8 from 1 to 18. 
Y — $ m Chemical families are groups of elements that have similar 
nz LT chemical and physical properties. For example, group 1 is located 
o — is E $e in the column at the far left of the table, and includes lithium. 
a ad sodium, and potassium (Figure A2.4). Called the alkali metals, 
PER — they are all soft, shiny, and silver in colour, and very reactive with DETIENE Magnesium and calcium are 
MI æ = i 2 is water. Their compounds tend to be white solids that are soluble in alkaline-earth metals. They are group 2 in the 
5 E: i= Kee ial Pes water. Recall that a compound is a chemical combination of two or periodic table. 


more elements in a specific ratio. Next to them is group 2, which 
includes magnesium and calcium (Figure A2.5). They are called 
the alkaline-earth metals. They are shiny and silver but are not as 
soft as the alkali metals. Their compounds tend to be white, but 
they are less soluble than compounds formed by the alkali metals. 

Moving to the right side of the periodic table, group 18 is a 
column that contains helium, neon, and argon. These are the noble 
gases. They are very unreactive. Helium has a very low density, 
which is why helium-filled balloons float, and its non-reactivity 
means it cannot catch fire. Floating party balloons are filled with 
helium. 

The elements in group 17, just to the left of the noble gases, are 
called the halogens. This family of non-metals consists of the 
elements fluorine, chlorine, bromine, and iodine (Figure A2.6). 
These elements are poisonous and react readily with the alkali 
metals to form salts, such as sodium chloride (table salt). Salts are 
compounds produced in neutralization reactions between acids 
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| synthetic 


[c] solid 
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and bases. You will learn more about salts, acids, and bases in lodine, chlorine, and bromine 
- tion A2.4 are halogens. The halogens are group 17 on the 
section A2.4. periodic table 
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During a supernova, a star 
with at least 10 times the 
mass of our Sun explodes. 
However, at the centre of 
the star, the explosion is 
inward, causing the core to 
collapse. All the atoms, 
most of which are iron, 
collapse into neutrons. The 
result is called a neutron 
star, only 20 km in 
diameter. The material in it 
has a density equivalent to 
collapsing a room full of 
solid iron into a sphere the 
diameter of the period at 
the end of this sentence. 


Electrons occupy 
most of the volume of an atom. 
Most of the mass is in the nucleus. 
A calcium atom (shown here) has 
20 electrons, 20 protons, and 
20 neutrons. 


Atomic Theory 


When you write with a pencil, tiny flakes of graphite break off to form the 
pencil mark. Each flake is pure carbon—made up of millions of carbon 
atoms, The smallest possible piece of graphite is a single carbon atom. An 
atom is the smallest part of an element that still has the properties of the 
element. A typical atom is very small—only about 100% m in diameter. This 
size is hard to imagine, but an analogy can help. An orange contains many 
carbon atoms as well as other atoms. Imagine that all the atoms in an orange 
increase in size until a single atom becomes the size of the original orange. 
How big is the whole orange after all its atoms have expanded? If a carbon 
atom became the size of an orange, then the orange that contained it would 
become the size of the whole Earth! = 
Subatomic Particles 


Three kinds of subatomic particles are: electrons, protons, and neutrons. Recall 
that electrons are negatively charged particles, and protons are positively 
charged particles. Neutrons are neutral particles. They have no electrical 
charge. All the protons and neutrons are gathered together in a tiny region at 
the atam’s centre called the nucleus. The nucleus is so small that 10 000 nuclei 
(plural of nucleus) in a row would fit once across the diameter of an atom. 

Despite their small size, protons and neutrons account for more than 
99.9% of the total mass of an atom. This was the amazing fact that Ernest 
Rutherford discovered with his gold foil experiment. For example, a piece of 
iron metal, such as a fork, feels very solid, and its mass is detectable when 
you pick it up. However, more than 99.9% of the volume has virtually no 
mass at all. Imagine a room the size of a typical classroom filled completely 
with a huge block of iron. Then imagine taking all the nuclei out of all the 
iron atoms and placing them side by side, and touching. How big would the 
volume of all the nuclei be? It would be about the size of the period at the end 
of this sentence. Yet its mass would be almost equal to the mass of the room 
full of iron! 


Energy Levels 


Electrons take up most of the volume of an atom (over 99.9%), and they 
occupy specific energy levels. An energy level can be thought of as a region 
of space near a nucleus that may be empty or may contain electrons. 
Electrons in energy levels nearest the nucleus have the lowest energy. 
Electrons in energy levels farther away from the nucleus have more energy. 
Electrons in the lowest energy levels are the most tightly held in the atom 
because they are closest to the positively charged nucleus. 

The number of electrons that can exist in the different energy levels 
varies. The lowest energy level is the one closest to the nucleus. It can hold 
only 2 electrons. The next energy level is larger and farther from the nucleus. 
It can hold up to 8 electrons. Think of these energy levels as being like 
spheres that add new layers to the outside of the atom, just as an onion has 
layers. The third energy level also has room for up to 8 electrons. It is 
common to discuss the electron arrangement in atoms up to 20 electrons, 
which is calcium. Beyond that, the pattern is more complicated. For calcium, 
the electron distribution is 2, 8, 8, 2, as shown in Figure A2.7. 
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An energy level can be empty, partly filled, or completely filled. Partly 
filled energy levels from two different atoms can overlap, and a pair of elec- 
trons can exist in both of them at once. This is the basis for chemical 
bonding, which you will study later in this section. 

Electrons and protons are attracted to each other because they have oppo- 
site charges. However, they cannot completely come together under normal 
circumstances. This is fortunate, because it means that atoms cannot collapse. 
Same of the properties of these particles are summarized in Table A2.1. 


Properties of Protons, Neutrons, and Electrons 


Mass Location 
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Atomic Number 


All atoms of an element have the same number of protons. For example, all 
hydrogen atoms have exactly one proton. Atoms of helium, the next element 
in the periodic table, have two protons—never more, never less. The atomic 
number of an element indicates the number of protons it has, This number 
can be used to specify an element. 

Look at the periodic table in Figure A2.3 on page 30. Notice that the 
elements in a period are arranged according to increasing atomic number. The 
element with atomic number 3 is lithium. Therefore, all atoms of lithium have 
three protons. Beryllium has atomic number 4. All atoms of beryllium have 
four protons. To the right of beryllium is boron with five protons. As you move 
from left to right in a period, each element has one more proton in its atom. 


Mass Number and Atomic Molar Mass 


Atoms of the same element that contain different numbers of neutrons are 
called isotopes. For example, the most common form of hydrogen has one 
proton and no neutrons at all. However, about 1 in 10 000 hydrogen atoms 
contains one proton and one neutron. This isotope of hydrogen is called 
deuterium. It is sometimes also called "heavy hydrogen" because the neutron 
increases the mass of the atom. Deuterium is used in the production of heavy 
water for Canadian nuclear reactors. Hydrogen has a third isotope, called 
tritium, that has 1 proton and 2 neutrons. 

To help distinguish between the isotopes of an element, each isotope is 
given a number called the mass number. The mass number is an integer 
equal to the total number of protons and neutrons in the nucleus of an atom. 
Electrons are not included in the mass number because their mass is so small. 
Oxygen has three naturally occurring isotopes. They all have the same 
number of protons, so they have the same atomic number (8). The most 
common isotope has a mass number of 16: it has 8 protons and 8 neutrons. 
The other two isotopes have mass numbers of 17 (8 protons and 9 neutrons) 
and 18 (8 protons and 10 neutrons). 
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The first elements are 
thought to have formed 
during the "Big Bang" 
when the universe formed. 
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The atomic symbol for an element is sometimes shown with both the 


FIGURE A2.8 The th: 
naturally occurring isotopes of 
oxygen. The only difference among 
them is the number 
their nuclei 


ve 
mass number and atomic number as follows: 
» 2 3 2 
mass number 2» 2 > 2 
element symbol ^ 22 
atomic number 2 
23 23 FIGURE A2.9 A magnesium 
Using this format, the symbols for the oxygen isotopes are: atom, Mg, can lose two electrons to 
^ form a magnesium ion with a 
16 1 18, > 3 > E : 
0 50 30 > 3 > 3 positive charge of 2+: Mg“. 
The isotopes and their symbols are shown in Figure A2.8. 
T magnesium atom Mg magnesium ion Mg * 
12 electrons 10 electrons 


Note that the atomic symbol written this way does not give either the 
number of neutrons or the number of electrons directly. You can determine 
the number of neutrons in an atom by subtracting the atomic number from 
the mass number. For example, the oxygen isotope ,O has à mass number of 
18 and an atomic number of 8. The number of neutrons can be determined by 
subtracting 8 from 18. 


mass number (18) — atomic number (8) = number of neutrons (10) 


The atomic molar mass shown in the periodic table is related to the mass 
number. The atomic molar mass is the average mass of the element's isotopes. 
Isotopes of an element do not have exactly the same mass: some have slightly 
greater masses than others. This is because each isotope has a different 
number of neutrons in its nucleus. 

In general, atoms are neutral, so the number of electrons in an atom 
equals the number of protons. 


Formation of Ions 


Under some circumstances, the atoms of most elements will either gain or 
lose one or more of their outermost electrons. The process of gaining or losing 
electrons is called ionization, and it results in the formation of an ion. An ion 
is an electrically charged atom or group of atoms. lonization results in metals 
and non-metals forming compounds. 

Positively charged ions are called cations. Most cations form when metal 
atoms lose electrons. When a cation is forming, the lost electrons usually 
move to another atom. Electrons are negatively charged. When they leave an 
atom, the ion that remains is positively charged because it now has more 
protons than electrons. 
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For example, the periodic table shows that a sodium atom has 11 
protons. Therefore, it also has 11 electrons. A sodium ion forms when the 
sodium atom loses one electron. This means that the positive charge in the 
sodium becomes one greater than the negative charge. So the sodium ion has 
a positive charge. An ion's charge is sometimes shown as a superscript after 
the atomic symbol. In this example, the sodium ion would be written as Na*. 
The magnesium ion in Figure A2.9 has a charge of 2+, so it is written as Mg". 

Negatively charged ions are called anions. Most anions form when non- 
metal atoms gain electrons. For example, oxygen atoms can gain two 
electrons. The periodic table shows that an oxygen atom has eight protons, 
and therefore, it has eight electrons. By gaining two electrons, the oxygen 
atom becomes a negatively charged ion, called an oxide ion. It can be written 
as O Note that the name of an element's anion is written by using the first 
part of the element's name and changing the last part to “ ide.“ So the 
nitrogen anion N. for example, is called nitride. The fluorine atom in 
Figure A2.10 forms a fluoride ion, F`. 


2 > 2 
d pw R f ae | 
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fluorine atom F fluoride ion F^ 
9 electrons 10 electrons 


EERE] A {luorine atom, F. can gain one electron to form a fluoride ion, F 


Most ion formation takes place when metals and non-metals form ionic 
compounds. Metal atoms tend to form cations by losing electrons to non- 
metals, which form anions. You may be wondering why metals tend to lose 
electrons, while non-metals tend to gain them. Atoms gain or lose electrons 
so that they have the same number of electrons as the nearest noble gas. This 
makes them more stable. In chemistry, becoming more stable means 
becoming less reactive. For example, a sodium ion is less reactive than a 
sodium atom. Sodium metal contains only atoms. When it is placed in water, 
a vigorous reaction occurs (Figure A2.11). Table salt contains sodium ions 
(and chloride ions). When it is placed in water, it dissolves quietly. 


FIGURE A2.11 Sodium and 
water react vigorously. The gas 
produced ignites in a spectacular 
manner. 
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Elements Combine to Form Compounds 


Recall that elements in the same group or family on the periodic table have 
similar physical and chemical properties. One of these properties is reac- 
tivity. An element's reactivity is related to the number of electrons in its outer 
energy level. Elements are most stable, or unreactive, when they have filled 
outer energy levels. 

Recall that the noble gases (group 18 on the periodic table) are very 
stable. They have filled outer energy levels, as shown in Figure A2.12. The 
noble gases neither gain nor lose electrons. Other elements are not as stable 
as the noble gases. These elements gain or lose electrons. They become more 
stable when they have the same number of electrons in their outer energy 
level as the nearest noble gas does. ~ 

The electrons in the outer energy level are called valence electrons. The 
tendency to gain or lose electrons is sometimes called valence. The term 
valence number is commonly used to describe the number of electrons an 
element can gain or lose to combine with other elements. Figure A2.12 shows 
the number of electrons in each atom in part of the periodic table. It illus- 
trates several striking patterns. 


FIGURE A2.12 Part of the 
periodic table showing electron 
arrangements for the atoms of each 
element 


Elements in the same family have the same number of valence electrons. 
This results in similar chemical properties. For example, the alkali metals 
lithium, sodium, and potassium are all soft, shiny metals that react vigor- 
ously with water. Each has one valence electron and is one atomic number 
away from a noble gas. Each loses one electron to form an ion with a 1+ 
charge. The loss of one electron gives them a filled outer energy level, just 
like the nearest noble gas. 

Now look at the periods in Figure A2.12. Hydrogen and helium make up 
the first period, and lithium is the first element in the second period. From 
left to right across a period, atoms gain one valence electron (and one proton) 
with each new element. Within a period, electrons are always added to the 
same energy level. An element in the second period has electrons in two 
energy levels, and an element in the third period has electrons in three 
energy levels. The period number indicates the number of occupied energy 
levels. 
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Activity A4 


Problem-Solving Investigation 


Classifying Unknown Liquids 


The periodic table was founded on examining chemical and 
physical characteristics of materials, and arranging them 
according to similarities and differences. Often, the identity 
of the material was unknown and tests were done to see 
whether it matched previously known materials. If it was a 
pure substance (it could not be bróken down further) and it 
had novel properties, a new element had been discovered! A 
similar process will be used in this activity. 

In this activity, you will design and test a procedure to 
distinguish between five similar liquids. By carefully 
observing their physical and chemical properties, you can 
detect differences between them. 

The chemicals you will use to help you distinguish 
between the liquids are called test reagents in the Materials 
and Equipment list below. A reagent is a substance used for 
identifying, measuring, or producing other substances. 


The Problem 
How can you distinguish between five similar liquids? 


Materials and Equipment 


5 liquids labelled 1 to 5 
Spot plate or test tubes and racks 


Required Skills 
= Initiating and Planning 
= Performing and Recording 
= Analyzing and Interpreting 
. Communication and Teamwork 


| Student Reterence IF] 


Conduct Your Investigation 


O Make a table in your notebook like the one below to 
summarize your six tests of the five liquids. Once all the 
tests are done, you will use the table to analyze your 
results and write a test procedure. 


© Using a spot plate with many test wells or a set of test 
tubes in a test tube rack, combine each liquid with each 
test reagent and record your results. 


© Select the smallest set of test reagents that can reliably 
distinguish between all five unknown liquids. 

O Develop a test procedure. it must be a series of steps 
that will allow someone to take an unlabelled sample of 
one of the five liquids and determine which one it is. 
Make sure that your procedure describes the tests to be 
performed and how to interpret the results. 


© Have your teacher approve your procedure. 
Test and Evaluate 


O Test the effectiveness of your analytical procedure with 
a sample of one of the unknown liquids. Use your 
procedure to determine which of the five liquids it is. 
Test more unknown liquids as time permits. 


O Follow your teacher's instructions for disposing of all 
the substances you have used. 


© Review your procedure based on your testing of the 
unknown samples. Did you need to revise it to deal with 
unexpected observations? 


Communicate 


1. Write a summary report that contains the procedure 
and the results of your tests on the unknown samples. 


chloride kem supplement iodine pr 
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(SEARCH — — 


Since 1950, about 20 new 
elements have been created 
or discovered. Find out how 
new elements are created. 
Begin your search at 


www.pearsoned.ca/ : 


school/science10 


'The Octet Rule 


Another way to understand the patterns by which atoms gain or lose elec- 
trons is to look at their energy levels. All the noble gases have filled energy 
levels. So it is possible to restate the pattern for ion formation in a new way: 
Atoms tend to gain or lose electrons so that they end up with completely 
filled energy levels. Notice in Figure A2.12 that the noble gases neon and 
argon each have eight electrons in their valence energy levels. The octet rule 
(also called the rule of eight) states that atoms bond in such a way as to have 
eight electrons in their valence energy level. (“Oct-” means eight, so an octet 
is a group of eight.) This is just another way to say that atoms tend to be stable 
with full outer energy levels. However, it is a handy rule for figuring out an 
element's charge or valence by looking for the octet. ~ 

For example, chlorine is just below fluorine in group 17. All atoms in this 
family have seven valence electrons, By the octet rule, fluorine will have an 
octet of electrons (eight electrons) in its valence energy level if it gains an 
electron to form the F` ion (Figure A2.13): This means that a chlorine atom 
will also gain one electron, forming the CI ion. 

The exceptions to the octet rule are hydrogen, lithium, and beryllium. 
They each need only two electrons in their valence energy levels because 
their nearest noble gas, helium, has two electrons. 

The situation is more complicated with transition metals. In the periodic 
table, these are all the metals from scandium to zinc inclusive, and any 
metals directly below them. All metals tend to lose electrons to become more 
stable, but it is difficult for atoms to lose more than about three electrons. 
This is because, every time an electron is lost, the remaining electrons are 
held more tightly by the nucleus. Gold, for example, can lose at most three 
electrons, to form Au. Depending on the chemical conditions, iron can lose 
either two or three electrons, to form Fe^* or Fe“. The elements boron, 
silicon, and carbon rarely form ions. Predicting the number of electrons tran- 
sition metals will lose is difficult. Consult the periodic table for the ion 
charge for these elements. The first charge given is the most common. 


^ 2 GR 
© © ( 


f MEN fluorine has seven valence electrons; neon has eight valence electrons; and 
magnesium has two valence electrons, Using the octet rule, we can determine that fluorine gains one more 
electron; neon does not gain or lose any; and magnesium loses two to join other elements. 


ha 


Check and Reflect 


Knowledge 


1. List the names of four families in the 


periodic table. Name three elements in each 


family. 


2. Which subatomic particle determines what 


the element is? 


3.a) What is a valence energy level? 
b) What are valence electrons? 


4. What are isotopes? 


5. What is an ion? What are the special names 


for positive and negative ions? 


6. How is the number of electrons gained or lost 


by atoms related to the noble gas nearest 
them in the periodic table? 


7. State the octet rule. 


Applications 


8. Draw an atom that has six 
protons, seven neutrons, and six 
electrons. Using the periodic 
table, identify the element. Label 
the nucleus, the subatomic 
particles, and the valence energy 
level. 


9. Two isotopes of nitrogen are 
nitrogen-14 and nitrogen-15. 
Explain how these atoms are 
similar and how they are 
different by describing their 
atomic structure. 


10. Refer to the periodic table in Figure A2.3 


on page 30 to answer the question. 


Using the octet rule, decide if each of the 
following elements will gain or lose 
electrons to become ions. State how many 
electrons will be involved in each case: 

8) phosphorus 

b) sodium. 

c) chlorine 

d) magnesium 

e) iodine 


11. Copy and complete the following table in 
your notebook. Use the periodic table in 
Figure A2.3 on page 30, as needed, to fill in 
the number of protons or the name of an 
element. 


12. 


Copy and complete the following table in 
your notebook. Refer to the periodic table in 


Figure A2.3 on page 30. 


13. Using the periodic table on page 30, draw a 


periodic table from atomic number 1 to 
atomic number 20. For each element, write 
its symbol and the number of valence 
electrons in its atom. In a different colour, 
write down the value of the electric charge 
le. g. 17, 37) on the ions of that element. 
Explain the pattern of ion charges either by 
using the octet rule or by referring to filled 
valence energy levels. 
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FIGURE A2.14 Both these 


materials are commonly known as 
chalk. Their scientific names are 
different and show that they are 
different substances. 


We throw salt on the roads 
in winter. But you don't 
throw road salt on your 
food! Road salt is calcium 
chloride. Table salt is 
sodium chloride. The term 
"salt" is not really the name 
of a compound. It is the 
name of 2 class of related 
compounds. 


FI EE Table salt (NaC!) 
is an ionic compound. As a solid, it 
forms a crystal lattice. 


Ace Naming lonic and Molecular 
Compounds 


Does your classroom have chalk? You have probably used blackboard chalk. 
You may also have used another product that contains chalk—the antacid 
called TUMS. The chalk in TUMS is mixed with sweeteners and flavours so 
that it can be eaten easily. However, do not eat blackboard chalk for your 
upset stomach because blackboard chalk and the chalk in TUMS are not the 
same chemical at all. Blackboard chalk is mainly calcium phosphate, while 
the antacid chalk is calcium carbonate (Figure A2.14). This is just one 
example of the confusion that can result from inaccurately naming 
compounds. It also shows the importance of using names that provide infor- 
mation about the chemical composition of a substance, The term “chalk” 
gives no hint as to what elements are present in either compound. 

The International Union of Pure and Applied Chemistry (IUPAC) is the 
body responsible for naming compounds, It ensures the use of a consistent, 
practical way of naming compounds that allows scientists to communicate 
clearly and precisely. Throughout this unit, you will be using IUPAC names 
for different types of compounds. First, we will look at ionic compounds. 


Ionic Compounds 


Table salt—sodium chloride—is one of the most common compounds on 
Earth. The oceans are salty because of sodium chloride and other salts. Our 
cells control the amount of water they contain by controlling the concentra- 
tion of salts, including sodium chloride. A high salt content in our cells 
draws water into them. Drawing water into the cells in our tissues removes 
water from our blood, causing the concentration of salts in our blood to 
increase. A high salt content in our blood triggers a feeling of thirst. We then 
have the desire to drink, and when we do, we replace the fluid that was orig- 
inally drawn into the cells of our tissues. Drinking to quench our thirst adds 
fluids to reduce the salt concentration in our blood. 

Salt is also used for electrical messaging in our bodies, Our nervous 
system, including our brain, is the most complex wiring system known. Salt 
conducts the electrical signals in our nerves because it forms ions. Recall 
from section A2.1 that ions are electrically charged atoms or groups of atoms. 
Salt belongs to a class of substances called ionic compounds. 

Ionic compounds form when electrons transfer from one atom to another. 
For sodium chloride, positively charged sodium ions are attracted to nega- 
tively charged chloride ions. The two kinds of ions group together in an 
organized array called a crystal lattice. The lattice is made up of one sodium 
ion for every one chloride ion (Figure A2.15). Such a neutral unit is called a 
formula unit. 

Recall that an atom of sodium has one valence electron, and a chlorine 
atom has seven valence electrons. When the two elements combine, the 
sodium atom transfers an electron to the chlorine atom (Figure A2.16). As a 
result, both atoms now have full outer energy levels. Remember that the most 
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(b) One electron transfers from the sodium atom to 
the chlorine atom. 


(a) Sodium has an atomic number 


of 11, so it has 1 valence electron. Chlorine has an 
atomic number of 17, so it has 7 valence electrons. 


stable atoms have full outer energy levels. When sodium transfers 
an electron to chlorine, sodium's outer energy level is now full. 
When chlorine receives the electron, its outer energy level is also 
now full. Both elements are now stable as ions. This type of 
bonding is called ionic bonding. lonic bonds form between atoms 
of metals and non-metals (Figure A2.17). 

Ionic compounds have many common properties. For 
example, all of them are solids at room temperature. Table salt can 


v 


be heated to a very high temperature without decomposing or ta" 


burning. Its melting point is 800°C, which can be reached only by 1 


Sodium and chlorine form an 


ionic bond when their ions join to become the 
compound NaCl 


using a blow torch or a special oven. Ionic compounds also tend to 
dissolve in water, although some dissolve much better than others. 
Solutions of ionic compounds always conduct electricity. You will 
learn more about the properties of ionic compounds in section A2.3. 
There are many thousands of different ionic compounds. 
Some have common names, such as table salt. They also have 
chemical names that reveal something about the elements in them. 
Table A2.2 gives examples of the chemical formulas and names of 
some common ionic compounds. Recall that the state of an 
element or compound is indicated by a subscript: (s) for solid, (1) 
for liquid, and (g) for gas. The subscript (aq) stands for aqueous. 
This means that the element or compound is dissolved in water. 


Names, Formulas, and Uses of Some Common lonic Compounds 
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adds salty taste in foods 


Application 


raises breads and cakes by giving off CO, when heated 
works as antacid and laxative 


KHC,H,0,),) 


mixes with baking soda to make baked goods rise 
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Naming Ionic Compounds 


The IUPAC system of naming ionic compounds is very simple. All names of 
ionic compounds have two parts, because all ionic compounds are made 
from two parts. Every ionic compound is made up of a cation (positive) and 
an anion (negative). The naming rules work like this: 


1. Name the cation first by using the element's name. (It is usually a metal ion.) 
2. Name the anion second by using the first part of the element's name and 
changing the last part to “-ide.” (The anion is usually a non-metal ion.) 


Table A2.3 gives some examples of how ionic compounds are named. 


Examples of How lonic Compounds Are Named 


Formulas for Ionic Compounds 


The formula of an ionic compound contains element symbols.that identify 
each type of ion present. In some formulas, the symbols are followed by 
subscript numbers that indicate the ratio of ions in the compound. For 
example, in Table A2.3, the formula for BaF; contains subscripts. In Bar, 
there is one barium ion for every two fluoride ions. This represents the 
formula unit. The formula unit is the smallest amount of a substance with the 
composition shown by the chemical formula. It consists of positive and nega- 
tive ions in the smallest whole-number ratio that results in a neutral unit in 
the crystal lattice of a compound. If there are no subscripts, assume that the 
compound has one of each ion, so the ratio is one to one in the formula unit 
le. g. NaCl,,)). 

All ionic compounds are composed of an equal number of positive and 
negative charges. This means that the total charge of the cations must equal 
the total charge of the anions. In some compounds, the cation has a charge of 
1+, and the anion has a charge of 1—. Recall that this is because there has 
been a transfer of electrons between the atoms. Consider sodium chloride. 
The sodium ion is Na” and the chloride ion is Cl”. So only one ion of each 
element is needed to make the positive and negative charges equal. The ratio 
of sodium ions to chloride ions is one sodium ion to one chloride ion in a 
formula unit. Therefore, the formula is NaCl. No subscripts are needed 
because both ions have a charge of one. 

Now consider the example of aluminium chloride, AICI,. All the charges 
in the formula unit must be equal. So each aluminium atom loses three elec- 
trons, and each chlorine atom gains one. The aluminium ion has a charge of 
3+. The chloride ion has a charge of 1-. Therefore, every one aluminium ion 
combines with three chloride ions. The ratio is one cation (AI**) to three 
anions (CI), so the formula is AICI,. Table A2.4 summarizes the two 
examples we have just worked through. 
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The Method of Lowest Common Multiple 


The method of lowest common multiple is another way of determining the 
correct formula for an ionic compound. First, find the lowest common 
multiple of the charges for the two ions. Then divide by the combining 
capacity of one ion to get the correct subscript for that ion. Repeat the process 
for the other ion. This ensures that the number of positive charges equals the 
number of negative charges, so the formula unit is electrically neutral. 

Example Problem A2.1 shows the two ways of working out a formula. 
With the method of lowest common multiple, find the smallest number that 
both ion charges divide into evenly. For calcium nitride, calcium has a 
charge of 2+ and nitride has a charge of 3-. The lowest common multiple of 2 
and 3 is 6. To find the subscript for calcium, divide 6 by 2 to get 3. For nitride, 
divide 6 by 3 to get 2. The formula is Ca N. 
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ifo rr Compounds with Multivalent Elements 


Some metals have more than one stable ion. For example, iron has two stable 
ions: Fes and Fe“. Elements with more than one stable ion are called 
multivalent elements. Ionic compounds containing multivalent elements 
must have Roman numerals in their names to indicate which ion is forming 
that compound. The Roman numeral is written in brackets after the element 
to indicate the charge. For example, chromium is multivalent, so 
chromium(III) sulfide indicates that the Cr** ion forms that compound. 
Roman numerals are not used in formulas, because you can figure out the 
charge on the ion by looking at the formula. 

You can find the Roman numeral to use in the name of a multivalent ion 
by using the subscripts in the formula. For example, in FeBr,, the subscript 2 
after the Br is a guide to the iron ion's charge. Recall that-the positive and 
negative charges in an ionic compound must be equal. According to this rule, 
only an Fer could pair up with two Br’ to give this formula unit. FeBr, 
would be written out as iron(II) bromide. In FeBr,, only an Fe could pair up 
with three Br to give this formula unit. Fehr, would be written out as 
iron(II) bromide. 


An older system of naming 
multivalent ions is still 
commonly used that 
involves changing the 
ending of the cation. The 
suffix "-ous" indicates a 
lower charge. The suffix 
"-ic" indicates a higher 
charge. In this system, 
iron(II) chloride is called 
ferrous chloride and 
iron(III) chloride is called 
ferric chloride. The prefix 
"ferr" comes from the Latin 
word for iron, ferrum. 


Example Problem A2.2 

Write the name of the compound that has the formula Cu,N, 
1. Identify the ions that form the compound. 

Practice Problem Cu' copper ion ^ N^ nitride ion 
> Write ont the name of tha 2. Use the charge of the nitride ion (3—-) and the rule that the total 


f : positive and negative charges in the formula unit must be equal. 
pms compounds Three copper ions are present in the formula unit so each must have 
a) FeCl,,, d) CuF,,,, 


b) PbO,,,. e) CnS,, a charge of 1+. 
c) Ni Sy) 3. Write the name of the compound. 
The name of the compound is copper(I) nitride. 


far 


When writing the names of ionic compounds, either recall the charges of 
anions from memory or use a reference table (Table A in Student Reference 12). 
Use the anion's charge to find the cation's charge when the cation is multi- 


Some Common 


Polyatomic lons valent. Remember that the Roman numeral is needed only if the metal 


element is multivalent. You can use a reference table or periodic table to find 
out which elements are multivalent. Select the first one listed in the periodic 


table if you are not given any other information. This is the most common ion 
for each element. 


Polyatomic Ions 


Some ions are made up of several non-metallic atoms joined together. These 
are called polyatomic ions (“poly” means "many"). Consider the hydroxide 
ion, whose formula is given in Table A2.5, In the compound NaOH, for 
example, the sodium has a charge of 1+. The oxygen and hydrogen together 
form the polyatomic hydroxide ion, OH”, with a charge of 1—. Human bones 
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contain calcium phosphate. The phosphate anion, PO,“, behaves like a LUE EE Names of lons 

single ion with a charge of 3—. Made up of Chlorine and Oxygen 
Table A2.5 gives some examples of common polyatomic ions. You can lon Name 

find a more extensive list in Table E in Student Reference 12. Note that in the | 

table, the formula is shown with its ion charge. This is the correct way to 

show polyatomic ions. perchlorate 


chlorate 


Suffixes for Polyatomic Ions 


The two most common suffixes used in naming polyatomic ions are “-ate” 
and “-ite.” When a pair of similar ions exist, such as SO,> and SO,”, “-ate” 
and ite“ are used in their names to differentiate them. SO," is sulfate, and 
SO, is sulfite. As you may have guessed, “-ate” means more oxygen atoms, 
and “-ite” means fewer oxygen atoms are part of the ion. But these suffixes do 
not tell you how many oxygen atoms are actually in the formula. If there are 
more than two similar ions, then other naming variations are used. Consider 
for example, the series of chlorine and oxygen ions in Table A2.6. It is not 
necessary at this stage to memorize all the suffix patterns. Use the ion chart of 
Table A2.5 and Table E in Student Reference 12 as needed. 


hypochlorite cio 


Naming Compounds Containing Polyatomic Ions 


Naming a compound containing polyatomic ions is simple. Look at the 
formula, and name the cation, followed by the anion. You do not need to 
change the ending of a polyatomic ion's name. The only difficulty sometimes 
is recognizing the ions within the formula. Table A2.7 gives some examples 
of compounds containing polyatomic ions. 


You probably 
know that your teeth contain 
calcium. The calcium is in a calcium 
phosphate mineral called 
hydroxyapatite, It includes the 
polyatomic lon PO,” 


Examples of Compounds Containing Potyatomic fons 


Ca(OH), ..) calcium hydroxide 


The polyatomic ion is often found inside brackets. Look up OH in Table A2.5 to find its 
name. It is listed as OH and its name is hydroxide. 


Inspect the compound for polyatomic ions. This compound contains the polyatomic 
ion PO,” Its charge is 3-, and its name is "phosphate." 


Look in the brackets to find the polyatomic ion NH,. Look in Table A2.5 to find its 
name: ammonium. The ammonium ion is the only common polyatomic cation. 
Memorize the name and formula of ammonium, NH,". The second half is SO, which 
appears in the table as $0,7, with the name "sulfate." 


sodium phosphate 


(NH,),S0,, | ammonium sulfate 


There are no brackets here. Remember that the formula unit for an ionic compound 

always consists of positive and negative ions in the smallest whole-number ratio that 
results in a neutral unit. The cation is ammonium, NH,*. The second part is the anion, 
HCO, . Table A2.5 shows HCO,', the hydrogencarbonate ion. 


ammonium 
hydrogencarbonate 
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Practice Problems 


Use Table A2.5 to help you. 


3. Write the formulas of the 
following ionic 
compounds: 

a) barium hydroxide 
b) iron(lII) carbonate 


c) copper(I) 
permanganate 


4. Write the names of the 
following ionic 
compounds: 

a) AulNO 
b) GAH) FO. 
c) K,Cr,0,,,, 


F E] A methanol 
molecule. Methanol is the antifreeze 
used in car and truck engines. 


Writing Formulas for Compounds Containing Polyatomic Ions 


The rules for writing the formulas for these compounds are similar to the 
rules for other ionic compounds. One difference is that brackets may be used 
to show the ratio of the ions. The subscript outside the brackets applies to all 
the elements inside the brackets. For example, in Fe,(SO,),;,; the subscript 3 
with (SO,), means that there are 3 SO,* ions for every 2 Fe ions in the 
compound. It also indicates that 3 sulfur atoms and 12 (4 X 3) oxygen atoms 
are in one formula unit of sulfate. 


Example Problem A2.3 
What is the formula for iron(IlI) sulfate? 

1. Identify the ions and their charges. iron(IIi): Fe 
Check Table A2.5 for the charge of the sulfate: S0 
polyatomic ion. 

2. Determine the total charges needed to. Fe 3236 
balance. 80.2226 

3. Note the ratio of cations to anions. 2103 


4. Use brackets and subscripts to write the formula. Fe,(SO,),,,, 
The formula for iron(II) sulfate is Fe S0, 


Example Problem A2.4 
What is the formula of ammonium dihydrogenphosphate? 
1. Identify the ions and their ammonium: NH,* 
charges. Check Table A2.5 for dihydrogenphosphate: H;PO,- 
the charge of the polyatomic ion. 
2. Determine the total charges NII. “: 1 
needed to balance. H. PO, 1 


3. Note the ratio of cations to anions. 1 to 1 


4. Write the formula. Brackets anda NII. HO, 
subscript are not needed when 
there is only one ion. 


The formula of ammonium dihydrogenphosphate is NH,H,PO,,.. 


Molecular Compounds 


The burning methane hydrate ice described in the Exploring section at the 
beginning of this unit is made up of two important compounds: methane 
(CH,,,) and water (H,O,, ). Methane is the chemical name for natural gas. The 
electricity that operates your computer, CD player, and lights may be gener- 
ated with methane. Your home may be heated with methane, and your dinner 
may be cooked with it. The other compound, water, is essential to life. It covers 
about 74% of Earth. You drink it, wash in it, and play in it. It's found in every 
living thing, from one-celled organisms and plants to insects and mammals. 
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Neither of these compounds contains any ions—they are each made up of 
molecules. A molecule forms when two or more non-metallic atoms bond 
together. It can be made up of atoms of different elements or of atoms of all 
the same element. For example, (H. OH (methanol) and Ow (oxygen gas) 
are both molecules. Figure A2.19 shows the structure of a methanol molecule. 

Recall that the formula unit of an ionic compound represents a ratio of ions 
in a crystal lattice. In a solid ionic compound, this lattice extends in all direc- 
tions. A formula unit is not an independent unit—it is just one part of a crystal 
lattice. Molecules are independent units made up of fixed numbers of atoms 
bonded together. 

Unlike ionic compounds, molecular subtances can be solid, liquid, or gas 
at room temperature. They tend to be poor conductors of electricity, even in 
solution. Many do not dissolve in water very well. You will learn more about 
the properties of molecular compounds in section A2.3. Table A2.8 describes 
some common compounds. 


Creta ts) 
CH,CH;0H,, 


alcohol 


Sharing Electrons—Covalent Bonds 


The atoms in a molecule are joined together by covalent bonds that form 
when atoms share electrons. Each pair of shared electrons forms one covalent 
bond. Electrons are not transferred from one atom to another as they are in 
ionic bonds. 

Chlorine gas is an example of a substance that has molecules formed of 
only one element. Each chlorine molecule is made up of two chlorine atoms 
joined by a covalent bond. Recall that a chlorine atom has seven valence elec- 
trons in its outer energy level. For this outer energy level to be filled, an 
additional electron is needed. A molecule of chlorine gas is created when 
two atoms of chlorine each share an electron to form a covalent bond. 
Figure A2.20 shows how sharing an electron forms a covalent bond. 

Notice that the electron is not transferred from one atom to another as it 
would be in an ionic bond. In covalent bonds, atoms share electrons so that 
their outer energy levels become filled. Other examples of covalent 
compounds include H,,0,,, (water), NH,,,) (ammonia), and CHa: Orig (sugar). 

In some covalent compounds, the atoms share more than two electrons. 
For example, nitrogen gas occurs in the form N. r (Nitrogen gas makes up 
78% of our atmosphere.) An atom of nitrogen has five valence electrons. To 
form Na two nitrogen atoms share three pairs of electrons (Figure A2.21). 
In carbon dioxide (CO,,,,), all atoms share two pairs of electrons 
(Figure A2.22). 
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chlorine gas forms when two 
chlorine atoms share one pair of 
electrons to form a covalent bond. 


FiSUBRE A2 21 molecule ot 
nitrogen gas forms when two 
nitrogen atoms share three pairs ol 
electrons to form covalent bonds. 
Each atom now has a stable outer 
energy level of eight electrons. 


carbon atom and two oxygen atoms 
each share two pairs of electrons to 
torm covalent bonds. 
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SEARCH 


Mercury is unusual because 

it is a metallic liquid at 

room temperature. The 

mercury(I) ion is also 

unusual in that it exists as a 

polyatomic ion. Find out the 

formula of this ion and some 

of its properties. You can 

extend this research further 

by finding out about 

calomel electrodes. Begin 

your search at 
www.pearsoned.ca/ : 


school/science1 


Prefixes Used for 
Naming Binary Molecular 
Compounds 


deca 


Molecular Elements 


Nitrogen is known as a molecular element because it forms molecules made 
up of only one type of atom. Its molecules are diatomic, which means each 
one is composed of only two atoms: Na ("di-" means "two"). Some elements 
form polyatomic molecules. For example, sulfur forms a ring of eight atoms 
and has the formula 8% Other elements are monatomic, Their atoms can 
exist on their own. Carbon, for example, is written as C although in both 
diamond and graphite it is connected to other carbon atoms in very large 
arrays. Formulas of molecular elements are summarized in Table A2.9. 


The Chemical Formulas of Molecular Elements 


Monatomic all metals 


noble gases 


Diatomic Ho Lm Ozi b Cloig 8150 1200 


| Polyatomic | Ozygjlozone) Pa Sys; 


It can be very helpful to have the diatomic elements memorized, particu- 
larly when writing chemical reactions, as you will do in the next section. One 
way to remember them is that the diatomic elements are the "gens": 
hydrogen, nitrogen, oxygen, and the halogens. 


Molecular Compounds That Do Not Contain 
Hydrogen 


A binary compound contains two elements. Some of these compounds 
contain hydrogen, and some do not. IUPAC rules for naming binary molecular 
compounds not containing hvdrogen are similar to the rules for naming ionic 
compounds. For molecules, Greek prefixes are used to indicate how many 
atoms of each element are present in the compound. For example, P.O,,., is 
called tetraphosphorus decaoxide: “tetra” means "4," and "deca-" means 
“10.” Table A2. 10 lists the prefixes used for naming binary compounds. 

Any compound that does not have a metal or an ammonium ion in its 
formula is molecular, The format for naming binary molecular compounds not 
containing hydrogen is: 


prefix + first element followed by prefix + second element ending in “-ide” 


Note that the prefix mono- is not used when the first element is only one 
atom. When the prefix "mono-" is required before “oxide,” the last "o" in the 
prefix is usually dropped. For example, it is “monoxide,” not “monooxide.” 
Table 2.11 shows how the format is used in two examples. 


Examples for Naming Binary Molecular Compounds 


2. Name the second element 
with *-ide" at the end. 


3. Add prefixes indicating 
numbers of atoms. 


dinitrogen monoxide 


phosphorus tribromide 


48 Unit A: Energy and Matter in Chemical Change 


Here are some examples: 


CO, carbon monoxide 

SO; sulfur dioxide 

CS carbon disulfide 

NO, dinitrogen trioxide 

CCl, carbon tetrachloride 

P. Oi tetraphosphorus decaoxide 
Example Problem A2.5 


Write the name of the compound that has the formula PCI,,,.. 


_ The rules listed above are applied in order. The first element is phos- 
phorus. The second element is chlorine, so this compound is a chloride. 
Since only one atom of phosphorus is present, no prefix is used. Five atoms 
of chlorine are present, so the prefix is “penta.” à 


E È 


The name of the compound with the formula PCIe is phosphorus 


pentachloride. 


Molecular Compounds That Contain Hydrogen 


Hydrogen is unique in many ways, and this is reflected in naming systems. 
Many compounds containing hydrogen have simply been given names. The 
name "water," for example, was chosen by IUPAC to be the official name for 
H,O. These names have to be memorized or found by referring to a chart like 
Table A2.12, Note, in particular, that the prefix mono- is omitted in H, S %, 
which is named hydrogen sulfide. 

Writing the formulas for molecular compounds is easy because the 
prefixes in the names indicate the number of each element. However, 
predicting formulas when elements combine is difficult because more than 
one combination is possible; for example, CO,,, or COO 


Che [Foun atte 


Examples of Names of 


deren comments [ww | Ne | 
Containing Hydrogen 


en p 
„5 
e 
pem — — . —— 

eee 


aE 


Practice Problem 


5. Write the names or 
formulas for the 
following molecular 
compounds: 

a) CO, 


b) NO; 

€) PCly,) 

d) oxygen difluoride 

e) dinitrogen 
tetrasulfide 

f) sulfur trioxide 
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For some of the following questions, vou may 
use the periodic table or the table of polyatomic 
ions in Table E of Student Reference 12. 


Applications 


8. Name the following ionic compounds: 


A 0.3 Properties and Classification of lonic 
and Molecular Compounds 


infor 


Both ionic and molecular 


a) AIC, f Fel, compounds form crystals. 
Knowledge b) CaS; B) PN © Possibly the most important 
- : c) Na, N., h) Cu,PO,,,, If someone calls you “the salt of the Earth,” you are receiving a compliment. molecular crystal studied in 
1. Define each of the following and provide an d) K,S0,,, i) NI. NO. Salt was precious in ancient times, especially in hot climates, where a good the last century was DNA. 
example of each: e) Li,O,, j) NaCH,COO,,, supply is essential for life. This type of salt is sodium chloride, but it is not DNA is the molecule 
a) ion d) polyatomic ion , NW the only kind of salt. Magnesium sulfate and lead(II) iodide are also salts— responsible for passing 
b) cation e) multivalent metal 9. Write uk of the following ionic although they are not meant for the dinner table. Magnesium sulfate is a genetic information from 
c) anion 1 end component in fertilizer, while lead(II) iodide was once used to make a bright one generation to the next 
2. List the Greek prefixes corresponding to the 8 e Sula: yellow paint. Today its use is restricted to specialty artist's paints. Each of in all living things. An X-ray 
manus hon 11910. e ss these chemicals has its own properties. Sodium chloride is edible. Magnesium photograph of DHA taken by 
4 sulfate (also called Epsom salts) may be mixed with water and used for soaking Rosalind Franklin in 1951 
3 Write symbols or formulas for the following ? aia ee phosphate tired, dry feet to make the skin feel soft. Lead(II) iodide is a poison. led to the understanding 
e i n Sae duni uk id These properties do not seem similar, yet these compounds have many ; that DNA ts composed o 
a) sodium 25 f) chloride — 4 — properties in common. All of them melt above 800°C, which is much hotter tio long chains tiid inia 
b) calcium ion 8) chlorate 10. Write the formulas for the following than a candle flame, for example. They all form crystals. Their crystals have : a heti. 
c) silver ion i h) chlorite molecular compounds: the interesting property that, if they are ground up and then examined under 
d) copper(I 10 i) Mou a) dinitrogen tetraoxide a microscope, the new tiny crystals look just like the bigger ones, with flat 
€) lead(IV) ion j) ammonium b) phosphorus pentachloride surfaces and well-defined edges. None of these solid compounds conduct 
4. Name the following ions: c) nitrogen triiodide electricity but all of their solutions do. All of these compounds are ionic: they 
a) AP* f Fe* d) carbon monoxide are composed of positive ions and negative ions. 
b) K* g) HCO, e) tetraphosphorus decaoxide Many important compounds are not ionic. Water, methane, wax, caffeine, 
c) Zn** b) OH- 1) carbon disulfide and glucose are all molecular compounds. At first look, they may not seem to 
d) NI“ i) SCN“ g) sulfur trioxide have properties in common. Water is a liquid, while methane is a gas. The 
Fe? í 2- h) methane others are all solids. But they all melt below 250°C, a relatively low tempera- 
e) j) SO; 
SNe me fillówi 18821 ae i) ammonia ture. This temperature can easily be reached in a very hot frying pan. These 
GPV j) sucrose five compounds are related in many other ways as well. None of them 
Containing hydrogen: 11. Write the name of each of the follow! contain any metals. Also, none of them conducts electricity, and neither do 
a) CH, d) HS F 8 the solutions of those that will dissolve in water. In this section, we will 
b) NH. ) HF, molecular compounds: 
) H, de e ig a) CBr. e) SeCl examine both ionic and molecular substances to see how their properties are 
9 " * Us) determined. 
b) NO, PCL 
6. Classify the following compounds as d OF. tp 7 A xc 
= z 2igh 23g) : : 
molecular or ionic from their names or d) IBr h) SCI. Skill Practice Writing a Hypothesis 
formulas: gl * 
CuCl 
" (NHJS, j Extension In Activity A5, you will be asked to write a hypothesis. A Create a cause-and-effect question and a hypothesis for 
s P x A 3 
c) NH; 12. For each of the following, either write its hypothesis is a sentence intended as a possible explanati on each of the following statements: 
d) Fe[NO.) 2 for observations. It is a proposed answer to a question. 2 x " 
Iss) name or the formula. Both ionic and i 1. Plants require light for photosynthesis. 
A Questions in science are usually cause-and-effect ques- 
9) Olay F tions, such as “How does temperature affect the growth of 2. Copper loses its brittleness it n is heated before being 
> aia as 3 AUN rose plants?" Notice that the cause, temperature, is the hammered into tools. 
i) eulforbesafinodids d wii 3ís) € ba The effect, plant growth, is the 3. Fermentation keeps food from rotting. 
i) methane d) sodium silicate Atypattess is often written as an “if... then...” state- 4. Hydrocarbon combustion produces carbon dioxide and 
) zinc sulfate e) ammonium perchlorate ment. For example, ifthe temperature is increased, then the water. 


7. a) What does IUPAC stand for? 
b) Use an example to explain the need for 
the IUPAC system of naming chemical 
compounds. 
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D SF, 


plants will not grow as tall. A hypothesis does not have to be 
the right answer—it's just a possible answer. Scientists test 
the hypothesis by carrying out an investigation. 


5. Sodium and chlorine react to produce sodium chloride 
(table salt). 
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Activity A5 


Inquiry Lab 


lonic or Molecular? 


The Question 


How can substances be classified as ionic or molecular 
based on their properties? 


The Hypothesis 
Write a hypothesis that answers the question above. 


Variables 
Identify the manipulated and responding variables. 


Qvo 
Materials and Equipment 
sodium chloride 


Sugar 


potassium iodide © 


aluminium foil 
conductivity meter 


CAUTION: Naphthalene gives off toxic fumes when 
heated. Use the fume hood when heating it. Beware 
of hot surfaces to avoid burns. 


Substance 


Appearance | Hardness | Odour | Solubility in Water 


Required Skills 


1,2, 10 MER 


= Performing and Recording 
* Analyzing and Interpreting 
© Communication and Teamwork 


Procedure 


copy the data table below into your notebook. 


[2] Plug in a hot plate and set it to medium heat. This hot 
plate will be used in step 9. Place another hot plate in 
the fume hood and plug it in. It will be used in step 10. 


[3] Obtain a small sample of about 1 g of each substance 
(an amount the size of a fingernail). Place the samples 
of the first five substances from the materials list on 
one piece of aluminiom foil. Do not mix them. Place the 
naphthalene flakes on a separate piece of aluminium 
foil. 


o Note the appearance of each substance. In particular, do 
they appear crystalline or waxy? 

© Using a spatula, try to crush a small piece of each 
substance. Record your observations. 


© Carefully determine whether any of the samples have a 
characteristic odour. (See Student Reference 1: Safety 
for information on how to detect odours safely.) Record 
your observations. 


@ Placea few crystals of one substance in a test tube. Add 
water and note whether any dissolve. The fewer the 
crystals placed in the test tube, the easier it is to 
observe if any dissolve. Repeat this step for each 
substance. Use a clean test tube each time. The same 
test tube can be used each time, as long as it is washed 
out between uses. 


sodium chloride 


sugar 


potassium iodide 


bees wax 


naphthalene flakes 
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* 


m wong — ———t m 
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© (Your teacher may demonstrate this step). Test each 
sample that appeared to dissolve to see whether it 
conducts electricity. 


© Place the aluminium foil containing the five samples on 
the hot plate. Note the order in which the samples melt. 
Some may not melt at all. Record your observations. 


OY Place the aluminium foil holding the naphthalene flakes 
on the hot plate in the fume hood. Note how long they 


take to melt. 

O Follow your teacher's instructions for disposing of all 
the substances you have used. 

Analyzing and Interpreting 


1. Draw two circles that overlap each other to form a Venn 
diagram. Make them large enough to write the names of 
the six test substances inside. 


Identifying Ionic Compounds 


2. Write “bees wax" in one circle and "Epsom salts" in the 
other. 


3. Write the names of other substances that are similar in 
their properties to bees wax in the same circle where 
you wrote “bees wax." 

4. Write the names of other substances that are similar in 
their properties to Epsom salts in the same circle where 
you wrote "Epsom salts." 

5. If any substances do not clearly fit into either group. 
write their names in the overlapped area. 


6. Decide which group of compounds are molecular and 
which are ionic. 
Forming Conclusions 


7. Identity each compound tested as ionic or molecular. 
Describe how you used their properties to classify them. 


Recall that ionic compounds always contain positive and negative ions. One 
is a cation, which is a positive metal ion, such as Fe?*, or the positive ammo- 
nium ion NH,'. The second ion is always an anion, which is a negative 
non-metal ion, such as fluoride, F^, or a negative polyatomic ion, such as the 


phosphate ion PO. 


You can recognize an ionic compound by inspecting its formula, and 
noting the presence of a cation. In other words, if the formula of a compound 
begins with a metal ion or with the NH,* ion, the compound is ionic. 


Table A2.13 shows examples of some ionic compunds. 


Examples ot Ionic Compounds and Their Properties 


colour 


State at room temperature 
(25°C) 


1124°C 
(decomposes) 


melting point/freezing point 


malleable 
soluble in water 


conductor as solid 
conductor in solution 


yes; strong | yes; strong 
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Salt (NaCl) is an 
ionic compound. lonic compounds 
Torm beautiful crystals when allowed 
to grow under the right conditions. 


— 


+-+- 2 
-+-+ — * E 
+-+- = of 
-+-+ =+ 47, 


Fisufk A2. 23 (2) Before being 


hit, ail ions alternate precisely. 


(b) After being hit, the posi ions momentarily move 
close to positive ions, and negative ions move close to 
Negative ions, ing the crystal te split, 


Properties of Ionic Compounds 


Ionic compounds share many of the following properties. These properties 
help to distinguish ionic compounds from molecular compounds. 


High Melting Point > 


Notice that the compounds listed in Table A2.13 all have high melting points. 
Because of their high melting points, all ionic compounds are solids at room 
temperature. The attractions between the cations and the anions in a solid 
ionic compound are so strong that the ions are held in the tight, highly organ- 
ized crystal lattice. In the lattice, all the negative ions are surrounded by 
positive ions, and the positive ions are surrounded by negative ions 
(Figure A2.23(a)). A large amount of energy must be added in the form of heat 
before the ions can begin to move past each other in the liquid state. 


Retention of Crystal Shape 


If vou examine grains of table salt closely, vou can see that each crystal is 
made up of perfectly flat surfaces. If you grind the salt into a fine powder, and 
then examine the powder with a microscope, you will see that all the pieces 
are still little crystals. Each piece still has flat surfaces, just very much 
smaller. This results from the alternating positive and negative alignments of 
the ions in the crystal. When the crystal is hit, positive ions line up with each 
other, and negative ions line up with each other (Figure A2.23(b)). The two 
parts of the crystal fly apart, producing new perfectly flat surfaces. Ionic 
compounds retain their crystal shape. Figure A2.24 shows a crystal of table 
salt NaCl. 


Solubility in Water 


All ionic compounds dissolve in water to some extent because both cations 
and anions are strongly attracted to water molecules. This occurs because 
each water molecule is polar. One end has a slightly positive electric charge, 
and the other end has a slightly negative charge. You will learn more about 
the polarity of water later in this section. When an ionic crystal is placed in 
water, some ions on the surface of the undissolved crystal are attracted into 
the water. There they become surrounded by many water molecules 
(Figure A2.25). You will learn more about the solubility of ionic compounds 
later in this section. 
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Conductivity in Solution 


Solutions containing ionic compounds are good conductors of electricity, 
unlike pure water, which has almost no conductivity. The greater the concen- 
tration of ions in solution, the more conductive the solution is. For example, 
a 1-L solution of 2 g of NaCl in water is twice as conductive as the same 
volume containing 1 g of NaCl The solution with 2 f of NaCl, has twice 
as many Na", and Cr ions as the one with 1 g of NaCl, Figure A2.26 
shows that ions in solution can complete a circuit for electric current to light 
a light bulb. 

Solutions of ionic compounds are considered to be excellent electrolytes. 
An electrolyte is any solution that can conduct electricity. If a solution does 
not contain ions, it will not conduct. For example, a solution of table sugar, 
C,,H,,0, ,;,» contains no charged particles, just neutral molecules of 
C,,H,,0, e 50 it does not conduct electricity. A solution of table sugar is 
not an electrolyte. 

Some molecular compounds, such as HCl, become ionic in solution. 
Hydrogen chloride reacts with water to produce new ions. This is a general 
characteristic of acids, which will be examined in the next section. 
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An electric 


current is carried by moving 
electrons in a wire and by moving 
ions in a solution. 


Activity A6 


Inquiry Lab 


Constructing a Small Solubility Table 


Before You Start... 


This activity involves mixing solutions to see whether a 
precipitate forms. Recall that a precipitate is a solid that 
forms when some solutions mix. This process is called 
precipitation. 


The Question 


What combinations of ions produce a precipitate when their 
solutions are mixed? 


Materials and Equipment 


spot plate 

5 drops of each of the following solutions: 
sinernitrate O (8) 
strontium nitrate © 
sodium iodide © 
sodium sulfate 
barium iodide 


CAUTION: Some solutions you are using are poisonous or 


4) Copy the following table into your notebook. 


silver strontium 
nitrate nitrate 


Required Skills 
* Initiating and Planning 


= Performing and Recording 
= Analyzing and Interpreting 
* Communication and Teamwork 


© Use the table in step 1 as a guide to where to place each 
solution in your spot plate. For example, place a few 
drops of silver nitrate in each of the five wells on the left 
side of the spot plate. In the top well, add a few more 
drops of the same solution. In the one below it, add a 
few drops of strontium nitrate to the silver nitrate, and 
so on down the column. In the next column of wells, to 
the right, strontium nitrate should be in all the wells, 
and other substances added to it. 


o Wait at least two minutes after mixing the solutions 
before making your final observations. 


© in your table, record whether a precipitate has formed 
in each well. Where a precipitate has formed, note its 
colour and appearance. 


© Do not rinse the spot plate in the sink. Some of these 
chemicals contain metals. They require special disposal 
procedures. Follow your teacher's instructions for 
disposing of all the substances you have used. 


Analyzing and Interpreting 


1. When you mixed a solution with itself, did a precipitate 
form in any of the solutions? 


2. Did the order in which you added solutions to each 
other make any difference as to whether a precipitate 
did or did not form? (For example, did it make a differ- 
ence if you added sodium iodide to sodium sulfate, or if 
you added sodium sulfate to sodium iodide?) What 
evidence is there to support this conclusion? 


sodium sodium 
iodide sulfate 


silver nitrate 


strontium nitrate 
sodium iodide 


sodium sulfate 


barium iodide 
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3. When silver nitrate and sodium iodide were mixed, a 
white precipitate formed. Its identity is either silver 
iodide or sodium nitrate. Use the results from your 
experiment to help you decide which of these two 
substances formed the precipitate. 


4. Identify two other substances that formed precipitates 
in this experiment. 


Forming Conclusions 


5. List three compounds that form precipitates when their 
ions are mixed together in a solution. Use the solubility 
table you constructed as you did the activity to support 
your conclusion. 


Solubility of Ionic Compounds 


Some ionic compounds dissolve better than others. A substance that 
dissolves well is considered very soluble. Recall that its chemical formula 
would be followed by the subscript "(aq)" when it's in solution. A substance 
that does not dissolve well is considered slightly soluble. Its chemical 
formula is followed by the subscript "(s)." Table A2.14 shows the solubility 
of some common ionic compounds in water. It summarizes the results of 
many solubility experiments. 


Solubility of Some Common lonic Compounds in Water 
Note: Group 1 = Li", Na’, K.. Rb’, Cs", Fr* 
Group 2 = Be’, Mg”, Ca", Sr^*, Ba’*, Ra^* 
"all" means “all compounds containing these ions" 
“most” means "most compounds containing these ions” 
“only with” means “only compounds containing” the ion or ions listed 


cH,coo” cr 80. $t 
Br 
r 
most most most only with: | onlywith: | only with: 
Group 1 Group 1 Group 1 
Group 2 NH; NH. 
NH, s 
Ba^* 
mel i 
only with: only with: only with; most most most 
Ag* Ag’ Ca” 
Hg" po se 
Hg* Ba?* 
Cu* Bas 
LU P 
| 0 
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Minds On... 


Use the solubility chart in Table A2.14 to help you answer the 


following questions. 


Recall that group 1 elements are the alkali metals, which include the very 
common metal ions lithium, sodium, and potassium. Table A2.14 shows that 
any compounds containing these ions are very soluble. Salts containing these 
ions are common in the ocean. As noted above, the chemical formulas for 
soluble compounds in solution have the subscript faq). It stands for 
"aqueous," meaning that the compound is dissolved in water. For example, 
sodium chloride in solution is written NaCl Sodium chloride in your salt 
shaker is written NaCl 

Most compounds that contain chloride ions are also soluble, with a few 
exceptions. Silver chloride, for example, is only slightly soluble. Most phos- 
phates and carbonates are only slightly soluble. This is fortunate, because 
these compounds are present in everything from egg shells to clam shells to 
bones and teeth. a 

Sometimes, when ionic solutions are mixed, they form a precipitate. A 
precipitate is a solid with low solubility that forms from a solution. 
Precipitates may form when solutions of two different ionic compounds are 
mixed. Precipitation is the process involved jn forming a precipitate. You will 
learn more about chemical reactions that produce precipitates in section A3.3. 


Using the Solubility Chart 


2. Suppose the following compounds were added to 
water. Indicate the solubility of each one by stating 
whether it is very soluble or slightly soluble. 


1. Suppose the following compounds were added to 
water. Indicate the solubility of each one by using the 
subscript (ag) for those that are very soluble and (s) for 
those that are slightly soluble. 


a) potassium carbonate 
b) iron(il) nitrate 
c) copper(!) chloride 


a) (NH,).S 
b) AgCI g) Pbl; 
c) PbSO, 
d) Sr(OH); i) CuS 
e) Fe(OH), 


Both water and 
hydrogen peroxide contain hydrogen 
and oxygen, but in different 
proportions. 


f) Au(NO,), 


h) Na;PO, 


d) barium hydroxide 
e) ammonium sulfite 
f) calcium sulfide 

9) lead(IV) bromide 


j) AgCH;COO 


Properties of Molecular Compounds 


Recall from section A2.2 that molecular compounds are made up of mole- 
cules. Molecules are groups of non-metallic atoms held together by covalent 
bonds. These very strong bonds form when non-metallic atoms share elec- 
trons. Each molecule of a compound always has the same number and 
proportion of atoms in it. For example, every water molecule has two atoms of 
hydrogen and one atom of oxygen, and its formula is written as H Op 
(Figure A2.27). 


wa hydrogen peroxide 
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The attraction between individual atoms in a molecule is very strong, but 
the attraction between neighbouring molecules is weak. For this reason, the 
melting points of molecular compounds tend to be much lower than the 
melting points of ionic compounds. In molecular compounds, only a small 
amount of energy is required for the molecules to begin sliding past one 
another. Note that the molecule itself does not break up during melting. For 
this reason, melting is not considered a chemical change. The properties of 
five common molecular compounds are shown in Table A2.15. 


Properties of Five Common Molecular Compounds 


Cua 
(wax) 


colourless 


State at room 
temperature (25*C) 


solid 


melting point/ 64°C 
freezing point 


malleable 


soluble in water 


conductor as solid 


conductor in solution | 


Molecular substances can form beautiful crystals, such as snowflakes. 
Snowflakes are simply crystalline water. Unlike crystals of ionic compounds, 
crystals of molecular compounds crumble easily. The relatively weak attrac- 
tions between molecules mean that the crystals do not hold their shape. 
Another difference between ionic and molecular compounds is electrical 
conductivity. All molecules are electrically neutral, both as solids and in 
solution, so they do not conduct electricity in either state. 


FIC Molecular substances such as glucose can form crystals. But their crystals break down 
more easily than those of ionic compounds. 


Methane (CH. % is 
produced by the breakdown 
of organic materials. 
Because it is produced in 
swamps by rotting 
vegetation, it is known as 
“swamp gas.” It is highly 
flammable, so some 


* communities recover it 


from landfill sites for energy 
production. The fossil fuel 


` natural gas is also methane. 
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Liquid water 
Molecules are held together through 
the attractions caused by each 
molecule being slightly polar 


(SEARCH 


The weak interactions 
between water molecules 
are called hydrogen bonds. 
Investigate hydrogen 
bonding in other substances 
such as DNA and the plastic 
used in sandwich wrap. 
Begin your search at 


www.pearsoned.ca/ 
schoolscience10 


Special Properties of Water 


One of water's most important properties is that it is polar: each water 
molecule has a negative end and a positive end. Water has this inter- 
esting property because of its bent shape and because of the unequal 
sharing of electrons in the bonds holding the hydrogen and oxygen 
together (Figure A2.29). This makes the oxygen end of water slightly 
negative, and the hydrogen end slightly positive. It also means that 
water molecules attract each other, just as two bar magnets attract each 
other if they are lined up with opposite poles together. This attraction 
makes it easier for water to form a liquid than if it were not polar. 
Other properties would also change if water were not polar. 
Table A2.16 compares water with similar compounds that are not 
polar. From this comparison, we can see that it's likely water would 
boil at a much lower temperature if it was not polar, at about —80*C. 


LETTS Boiling Points of Some Compougds Similar to Water 


| Compound | Boiling Point | 
| hydrogen selenide, H,Se,, | -40°C | 
hydrogen sulfide, H:S; | -60°C | 
water, H,0,; | 100°C | 


It is hard to overstate the importance of the polarity of water. If 
water was not polar, all the oceans would boil away even during the 
coldest winter. Life on Earth would be non-existent or completely 
different from what we see today. Much of the thermal energy at 
Earth's surface is held by water in oceans, lakes, and rivers. In summer, 
the oceans act as a heat sink, absorbing heat from the Sun and the air. 
In winter, they are a heat source, radiating stored heat. Both of these 
effects keep Earth's surface temperatures from swinging too high or too 
low. Living systems depend on this stability. 


Formation of Ice 


As liquid water turns to ice, the molecules spread out. They line up in 
a three-dimensional array that contains six-sided rings, as shown in 
Figure A2.30. This is the reason that every snowflake has six sides or 
six points. The ordering of water molecules in ice also means that 
there are fewer molecules in a litre of ice than in a litre of liquid water, 
so that liquid water is denser than ice. Because of this, ice floats. 
Would it matter if ice didn't float? In the winter, ice forms at the top 
surface of a lake because that is where it is coldest. If ice were denser 
than liquid water, then as a lake froze over, the ice would sink to the 
bottom and collect there. Eventually, the lake would freeze solid, and 
all the fish would die. Fish can survive through the winter because ice 
floats. 
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SLs Water molecules 


in ice. The origin of the six-sided 
snowflake can be seen by the 
honeycomb shape that water 
molecules form. 


Check and Reflec 


Knowledge 8. For each substance below, identify it as ionic 
k i pu or molecular. Explain how you came to your 
1. Explain how to recognize an ionic compound Conclusión: 
8 a) Compound 1: melting point: 48°C, low 
2. Describe four properties of an ionic solubility in water, flammable, mild 
compound. odour, colourless solid easily crushed 


b) Compound 2: melting point: 800°C, 


3. Explain how to recognize a molecular highly soluble, solution is highly 


compound by its chemical formula. 


conductive, hard, white crystals 
4. Describe four properties of molecular c) Compound 3: melting point: 185°C, 
compounds. decomposes at 190°C, highly soluble, 
5. Water is a polar molecule. What does this solution is not conductive, hard, white 
mean? crystals 


d) Compound 4: sublimates (goes from solid 
6. Indicate whether each of the following to gas) at 56°C, moderately soluble in 
compounds is slightly soluble (s) or very dune cdouiess 
soluble (aq). Refer to Table A2.14 on page 57 e) Compound 5: highly flammable liquid at 
or Table C in Student Reference 12. room temperature, does not mix with 


a) NaCl water, less dense than water 

b) PbCl, f) Compound 6: colourless, odourless 

c) PbCl, liquid, tends to dissolve ionic substances, 
d) BaSO, boils at 100°C 

€) Cr,S, 


9. All of the compounds in question 8 are 


4 co. common materials. Suggest the identity of 
e mu each material from the descriptions of the 
licati physical properties. 

sa Extension 


7. Explain how a large body of water can 
moderate the temperatures of the land 
around it in both winter and summer. 


10. Some well water is considered "hard" 
because it contains high concentrations of 
Mg” and Ca? ions. Explain how adding a 
small amount of sodium carbonate to the 
well water can make the water "soft" by 
removing these ions. 
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ZATIEN The pH of vinegar is less 


than 7, indicating that vinegar is acidic. 


62 


infoBIT 


Another name for vitamin C 
is ascorbic acid. It is an 
essential part of our diet 
and is responsible for 
healthy muscles, skin, and 
gums. Many bioactive 
materials are acids and 
bases. 


124 Acids and Bases 


You are already familiar with acids and bases from everyday use 
and from earlier science studies, Recall that an acid is a compound 
that dissolves in water to form a solution with a pH lower than 7. 
The vinegar in Figure A2.31 is acidic. A base is a compound that 
dissolves in water to form a solution with a pH greater than 7. The 
pH measurement indicates how acidic or basic a substance is. 
Recall that pH is a measure of the number of hydrogen ions in a 
solution. 


Acids and Bases in Your Body 


Acids and bases are in the foods we eat and the products we use. 
They are also essential components of your own biochemistry. For 
example, your saliva is slightly basíc so your teeth won't dissolve in 
acids, such as the citric acid in fruit juices. It also protects you from 
the acids that the bacteria in your mouth produce as a byproduct of 
their metabolism. 

Your stomach makes hydrochloric acid strong enough to burn, 
as anyone who has accidentally burped up some stomach acid can 
confirm. What does this acid do? Some of it dissolves food, but it 
also has a much more important function. It acts like a chemical 
switch to turn on an enzyme called pepsin. Pepsin, like all 
enzymes, speeds up chemical reactions in living systems. The reac- 
tion that pepsin speeds up is the digestion of protein into amino 
acids, which are the building blocks of proteins. Pepsin would be 
lethal if it passed into the intestine without being deactivated. It 
would begin to digest the digestive tract itself. 

An organ called the pancreas produces sodium hydrogen- 
carbonate (the same chemical as in baking soda) and other bases 
that neutralize the stomach acid. This deactivates the pepsin. After 
that, the sodium hydrogencarbonate goes into the bloodstream, 
making it very slightly basic. Sodium hydrogencarbonate has the 
amazing property that it can neutralize both acids and bases that 
enter the blood. When acids and bases are neutralized, they lose 
their characteristic properties. You will learn more about neutral- 
ization later in this section. 

Sodium hydrogencarbonate is an example of a buffer. It is a 
substance that can keep the pH of a solution nearly constant despite 
the addition of a small amount of acid or base. 

Acids and bases are all around us and inside us. How can we 
make sense of this amazing variety of chemicals? We can begin by 
classifying them as acidic, basic, or neutral according to their 
chemical and physical properties. 
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Properties of Acids and Bases 


You are already an expert at sorting out acids and bases. You were born with 
this skill—it is hard wired into your sense of taste. The four basic tastes are 
sweet, sour, salty, and bitter. If you have ever had soap in your mouth, you 
know the taste of a base—bitter. You know the taste of acid from lemons 
(citric acid) and vinegar (acetic acid). You probably would not be surprised to 
find that acidus is the Latin word for "sour." Given the commonness of these 
chemicals, it is no wonder that your tongue is able to detect them. 

Acidic and basic solutions even feel different. Bleach, soap, and 
ammonia cleanser all feel slippery, and all are bases. Bleach, of course, must 
be washed off quickly because it is corrosive to skin. Acid solutions do not 
feel slippery. 

Remember that taste and touch tests are fine for food in the kitchen, but 
they should never be performed in the lab. Other tests are needed to classify 
acids and bases. For example, adding a metal to a solution could help deter- 
mine if the solution is acidic or basic. Acids react with metals, although some 
acids, such as nitric acid, react more vigorously with metals than other acids. 
And some metals, such as copper and gold, are better than other metals at 
resisting attack by acids. Most bases do not attack metals. Neither does pure 
water, which is a neutral substance. This ability to react with metals could be 
used to distinguish acids from bases and neutral substances. But there is an 
easier way—by determining the pH. 


Indicators 


Acid-base indicators are chemicals that are used to determine if a solution is 
an acid or a base. Indicators change colour depending on the pH of a solu- 
tion. Litmus indicator is a chemical derived from lichen, a plant-like 
organism. Litmus is usually dried onto paper to make it easier to use in tests. 
In acid, blue litmus paper turns red, and in base, red litmus paper turns blue. 
In a neutral solution, such as pure water, litmus paper does not change 
colour. Red litmus paper stays red, and blue litmus paper stays blue. Litmus 
is a very common indicator, so it's useful to memorize the colour changes 
(Figure A2.32). 

There are many indicators, and each changes colour at a specific level of 
acidity. A universal indicator is a mixture of several indicators that change 
colour as the acidity changes (Figure A2.33). 


This diagram 
shows a memory trick for 
remembering the colour of litmus 
in acid and in base. 
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Understanding the pH scale 
can help you understand the 
seriousness of the problem 
with acid rain. Ordinary 
rainwater is about pH 6. 
Acid rainwater can have a 
pH as low as 3. A difference 
of 3 units on the pH scale 
means that acid rain can be 
as much as 1000 times more 
acidic than ordinary rain. 


Suliuric acid 


'The pH Scale 


Recall that the pH scale is a measure of acidity. Most solutions are between 
0 and 14 on the pH scale. A neutral substance has a pH of 7 (at 25*C). It is 
neither acidic nor basic. Acidic substances have pH values below 7. The 
closer the pH is to 0, the more acidic the substance is. Stomach acid is about 
pH 1.5. Vinegar is less acidic at about pH 3. Normal rainwater is slightly 
acidic and has a pH of about 6. Bases have pH values greater than 7. Blood is 
slightly basic, with a pH of 7.4. Soaps have pH values between 8 and 10. 

Every increase of 1 on the pH scale indicates an increase of 10 in how 
basic a substance is. A solution with a pH of 9 is 10 times more basic than one 
with a pH of 8. Similarly, a decrease of 1 on the pH scale indicates a 10-times 
increase in acidity. 

Acidic and basic solutions can be classified according to the properties 
shown in Table A2.17. 


Properties of Acids and Bases 


reaction with metals 


metal corrodes 


le. g. magnesium) H, bubbles form 


litmus indicator 
— | — oone | 
pH of solution 


Naming Acids 

The formula for a compound can help you determine if it is an acid or a base. 
H, the symbol for hydrogen, tends to appear one or more times on the left 
side of the formula of an acid. For example, in hydrochloric acid, HCl the 
hydrogen symbol appears on the left. In acetic acid, which is the acid in 
vinegar, hydrogen appears on the right in a group of symbols known as an 
organic acid group: -COOH. To identify acids from their formulas, look for H 
on the left side of the formula or COOH on the right. Some common acids are 
listed in Table A2.18. 

Notice that the acids listed in Table A2.18 are all aqueous. The IUPAC 
recommends naming acids as aqueous substances containing the IUPAC 
name of the compound. For example, HCl is called aqueous hydrogen 
chloride; and H,SO,,,..) is called aqueous hydrogen sulfate. 

However, acids have been known for thousands of years, and they are 
very common compounds. Because of this, other naming systems exist that 
are still popular. For example, the names of acids that contain hydrogen and 
one other non-metallic element can be written with the prefix hydro- and 
the suffix "-ic." In this system, HCI,,,, is called hydrochloric acid. Following 
this pattern, Hf is called hydrofluoric acid. 
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Acids that contain oxygen, such as HSO % follow a different system 
that is based on the name of the anion. In this naming system, if the anion 
ends in ate, the name of the acid that is derived from it ends in “-ic.” For 
example, H,SO,,,.., contains the sulfate anion (SOF), an anion whose name 
ends in the suffix “-ate.” In this case, the acid’s name begins with “sulfur” 
(the first element in the anion) and ends with “-ic.” It is called sulfuric acid. 
Another example is H, PO, ee Its IUPAC name is aqueous hydrogen phos- 
phate, but it is also called phosphoric acid. Similarly, HNO,,,., is called both 
aqueous hydrogen nitrate and nitric acid. If the anion's name does not end in 
“-ate,” other naming systems are used. You will learn about these naming 
systems in later courses. 


Formulas, Names, and Uses of Some Common Acids 


hydrochloric acid or 


Skill Practice 


In Activity A7, you will qualitatively compare the concentra- 
tion of vitamin C in several different beverages. To do this, 
you will have to control a certain variable so you can observe 
its effects. In previous science studies, you learned that the 
manipulated variable is the condition that is deliberately 
changed by the experimenter. The responding variable is 
the condition that changes in response to the manipulated 
variable. The responding variable must be something that 


Can be measured. To test the effect of a manipulated vari- 
able, it is important that only that one variable is being 
changed. All other variables in an experiment must be 
controlled. In other words, they must be kept exactly the 


1. A student wants to determine which freezes faster, salt 
water or fresh water. She adds 10 g of salt to a beaker 
containing 100 mL of water, 20 g of salt to a beaker 
containing 150 mL of water, and no salt to a beaker 
containing 50 mL of water. All of the substances are at 


| commonname [we 
aqueous hydrogen phosphate 


[m weisen aere 
CM 


Controlling Variables 


room temperature at the beginning of the experiment. 

All will be placed in a freezer where the temperature is 

—5.0°C. 

a) Identify the manipulated variable. 

b) Are the other variables being controlled? If they are 
not, describe how the conditions can be controlled 
so that only the manipulated variable is changed. 


You are asked to determine the effect of turbulence on 
the amount of dissolved oxygen in water. Turbulence is 
the violent disturbance of a fluid, such as water or air. 
You will use an indicator that tells you the amount of 
dissolved oxygen present in a sample. You will use 
water that has had the oxygen content reduced by being 
boiled and cooled. You will simulate turbulence by 
shaking a sample of water. 

a) What is the manipulated variable in this experiment? 
b) What variables must be controlled? 
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Activity A7 


Design a Lal 
Vitamin C in Beverages 


Vitamin C is ascorbic acid. In this activity, you will test a 
procedure to detect vitamin C in a solution. You will then 
design a qualitative procedure to compare the concentration 
of vitamin C in a number of beverages such as orange juice, 
soda pop, or lemonade, 


The Question 
Which beverage has the highest concentration of vitamin C 


and which has the lowest? 


Materials and Equipment 
1 multivitamin tablet 10-mL graduated 


iodine/starch solution cylinder 
several samples of juices, 


at least 6 medium test 
soda pops, or other tubes 
beverages stirring rod 
water 2 droppers 
mortar and pestle test tube rack 
100-mL beaker 


Design and Conduct Your 
Investigation 


Part 1: Determining How a Starch/lodine Solution 
Responds to a Vitamin C Solution 


@® Use the mortar and pestle to grind up the multivitamin 
tablet. Dissolve most of the grindings in about 100 mL 
of water in a 100-mL beaker. Stir the mixture with a stir- 
ring rod. Some of the grindings may not dissolve. This 
is not a problem. 


e Use the graduated cylinder to measure 5 mL of 
lodine/starch solution into a test tube. 
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Required Skills. 

© Initiating and Planning 

© Performing and Recording 

= Analyzing and Interpreting 
Communication and Teamwork 


[3] Use a dropper to add the vitamin C solution to the 
iodine/starch solution drop-by-drop. Observe the 
reaction. 


o Using a clean dropper, do a similar test by adding water 
to another sample of iodine/starch solution in another 
test tube. Observe. Note: You must use a clean dropper 
for this step to prevent contamination of your water 
with vitamin C. 


Part 2: Ranking the Test Beverages from Greatest to 
Lowest Concentration of Vitamin C 


© Select several beverages to be tested. It might be inter- 
esting to test some that are known to contain vitamin C, 
along with some with an unknown vitamin C content. 


o Develop a test procedure to rank the beverages from 
most concentrated to least concentrated in vitamin C 
content. 


€) Have your teacher approve your procedure. 
© Test the beverages. 


© Follow your teacher's instructions for disposing of the 
liquids. 


(I) Write a summary report that describes: 


* your observations of what a positive test and a nega- 
tive test for vitamin C look like 


* your written test procedure 


* thecontrolled, manipulated, and responding variables 
in your procedure 


* your test data 


* your ranking of the test beverages from most concen- 
trated to least concentrated 


Recognizing Bases by Their Formulas 


Bases are more difficult to recognize by their formulas than acids are. The 
presence of the hydroxide ion (OH) with a metal ion or the ammonium ion 
usually indicates that a substance is basic. For example, NaOH,,, forms a base 
when dissolved in water. However, substances with other kinds of formulas 
can also be basic. For example, when ammonia (NH,,,,) is dissolved in water, 
the resulting solution is basic. You will study these bases in more advanced 
chemistry courses. For now, consider any compound with high solubility and 
an OH on the right side of the formula to be a base. Some common bases are 
listed in Table A2.19. 


Formulas, Names, and Uses of Some Common Bases 


Name Common Name 


Application 


sodium hydroxide 


caustic soda drain cleaner 


KOH,,, potassium hydroxide 


caustic potash leather tanning 


NH,OH 


ammonium hydroxide ammonia solution 


(aq) 


window cleaner 


Cato calcium hydroxide slaked lime 


glass, cement, and steel manufacturing 


Mg(0H),,.) 
AO 


magnesium hydroxide milk of magnesia 


aluminium hydroxide — 


Acids and Bases in the Home 


We all use acids and bases in the home, often when we are not even aware of 
it. Lemon juice, vinegar, and some toilet bowl cleaners are acids. Most soaps 
and cleaners are bases, such as oven cleaner, hand soaps, and many window 
cleaners. Bases are excellent at dissolving and dislodging oil and grease. 
Household bleach is also basic, as well as being an oxidizing agent. This 
means it has the ability to break down stains into colourless compounds. 
Drinks such as coffee, tea, and soda pop are acidic. Shampoos that are "pH 
balanced" are often slightly acidic, to make them more gentle on hair than 
standard soaps, which, being basic, tend to strip out oils. Advertisers came 
up with the term “pH balanced" so they would not have to try to explain how 
an acidic product could be good for your hair! 

Many efforts have been made to minimize the use of toxic or highly 
corrosive chemicals in the household. At one time, arsenic and mercury 
products were commonplace in the kitchen. These have been replaced by 
much more benign and environmentally friendly chemicals. Even so, many 
chemicals will react strongly if mixed together. Acids and bases generally 
react when mixed, and many otherwise-safe household chemicals become 
dangerous when mixed improperly. Always read the labels of household 
cleaning products. 
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laxative, antacid 


antacid, wastewater treatment 
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Activity A8 


QuickLab 
The pH of Common Household Materials 


CAUTION: Acids and bases can burn. If any spill, wash 


To test the pH of a variety of household chemicals 
ii 
O Piace a few drops of each solution into separate wells of 
a spot plate. Do not mix them. 


— 
Materials and Equipment 
droppers 

© Add either a few drops of universal indicator or a 1-cm 
* strip of pH paper to each sample. If you are using a pH 
small beaker meter, rinse the probe with distilled water after each 
universal indicator, pH test paper, or pH meter test. 
distilled water (if using pH meter) © Record the pH of each solution. 


known and unknown solutions used in the kitchen, © Follow your teacher's directions for disposing of the 
9 solutions you have used. 


Procedure Questions 


@ Make a data table with space for recording the following 
for each test solution: 
* its name 
* your prediction about whether it is acidic, basic, or 
neutral 
* its measured pH 


1. Drawa vertical line about 15 cm long. Write the number 
1 at the top, 7 in the middle, and 14 at the bottom. 


2. For each test solution, find the place along the line that 
matches its pH number. and record its name beside its 
pH. 


3. Decide whether each solution is acidic, basic, or neutral. 


Neutralization 


When acids and bases react together, both acidic and basic properties disap- 
pear. This is the process of neutralization. Neutralization is the reaction 
between an acid and a base that produces water and a compound called a 
salt. It is a very important and common process. For example, the pain of a 
bee sting is caused by methanoic acid attacking nerves in the skin. The bee 
secretes the acid, which dissolves the nerve endings in the skin. This causes 
the nerves to fire continuously, sending pain signals to the brain. Cream 
containing ammonia can be used to limit the pain. Ammonia is a base so it 
neutralizes the acid and prevents further damage to the nerve endings. In 
industry, countless manufacturing processes produce acidic or basic waste 
that must be neutralized. 


reSEARCH 


Hydrochloric acid is also 

known as muriatic acid and is 

available in hardware stores. 

Research three ways that it 

can be used around the 

home. Begin your search at 
www pearsoned.ca/ = 
school/science10 
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Check and Reflect 


Knowledge 


1. Use the chemical or physical properties 
identified below to classify each solution as 
acidic, basic, or neutral. For example, 
solution (a) is basic. 

a) feels slippery and conducts electricity 

b) reacts with magnesium to produce 
bubbles and conducts electricity 

c) red litmus stays red and blue litmus turns 
red 

d) blue litmus stays blue and red litmus 
stays red 

€) tastes sour and feels wet but not slippery 

f) does not conduct electricity, and red 
litmus stays red 

g) has a pH of 3 and turns litmus red 

h) has a pH of 10 and blue litmus stays blue 

i) conducts electricity and has a pH of 7 

j) tastes bitter and does not react with 
magnesium 

2. What is an acid-base indicator? 


3. From the following formulas, decide whether 
the solution is an acid, a base, or neither. 
a) KOEI 
b) H,S0,,. 

c) NaCl jag) 

d) CH,COOH,,,, 
e) HCl, 

f) Mg(OH) srog; 

8) C,H,COOH,,,, 

4. State the name or the formula for each of the 
following substances: 

a) aqueous hydrogen nitrate 
b) cesium hydroxide 

c) ethanoic acid 

d) calcium hydroxide 

e) aqueous hydrogen chloride 
f) phosphoric acid 

8) KOH; 

h) HBr,,.) 

i) H,S0,,, 

j Ma(OH],.; 


Applications 


5. Draw a horizontal line to represent a pH 
scale. At the left end of the line write 1, in 
the middle write 7, and at the right end write 
14. Use this scale to complete the following 
tasks. 

a) Place the following three labels at the 
correct place on the scale: neutral, 
strongly acidic, strongly basic. 

b) On the acidic end of the scale, write the 
following four labels in the correct 
relative order: acid rain, normal rain, 
lemon juice, stomach juices. 

c) On the basic end of the scale, write the 
following four labels in the correct 
relative order: a concentrated solution of 
baking soda, human blood, oven cleaner 
(NOH. window cleaner (ammonia). 


6. Why is a universal indicator more useful 
than litmus paper for measuring pH in some 
applications? 


7. Some hydrochloric acid is placed in a beaker, 
and a pH meter is set into the solution. It 
reads pH 1.5. 

a) Describe how the pH will change when 
NaOH solution is added drop-by-drop to 
the acid. 

b) Will the conductivity of the solution 
change during the addition of the 
NaOH,,...? Why or why not? 


Extensions 
8. A solution is adjusted from pH 8 to pH 4. 
a) How many times more acidic has the 
solution become? 
b) How many times less basic has the 
solution become? 


9. Find out the structure of the organic acid 
group —COOH. Build a model of ethanoic 
acid, CH,COOH. 
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iafoBrrr 


Most jurisdictions regulate 
the disposal of computer 
parts and other electronic 
components as hazardous 
waste. Many landfills ban 
old computer parts because 
internal circuit boards and 
CPUs contain heavy metals. 


f 25 Our Chemical Society 


All substances, natural and manufactured, are chemicals. Water, gases in the 
air, the components of our bodies—all are chemicals. Our society relies 
heavily on manufactured chemicals including paints, plastics, fertilizers, and 
pesticides. Many of these chemicals are potentially hazardous, but we 
continue to produce and use them because they have many benefits. 
Guidelines and regulations, such as environmental laws and WHMIS, reduce 
the potential for harm to human health and the environment. 

Look at the materials in the room where you are sitting, Try to find some- 
thing in the room that was not made using potentially toxic or hazardous 
chemicals. Paint was toxic when it was wet. Even unpainted wood would 
have been oiled or stained. Do you see any plastic? There may be more than 
you realize. Plastic fibres are present in manv clothing materials, in your pen. 
and in carpeting and other flooring materials. Many plastics are produced 
from compounds that are toxic. However, the final plastic products are gener- 
ally very stable, unreactive, and non-toxic. 


Issues Related to Chemicals 


Issues involving the use of hazardous material go beyond whether the mate- 
rial itself is safe. For example, they include concerns about the health of the 
workers exposed to toxic substances during manufacturing. They also 
include concerns about poisonous substances escaping into the environment 
during manufacturing. Many manufacturing processes produce byproducts 
that must be disposed of. These problems can lead to the final product being 
safe, while making it is not. 

Some products are safe until they are thrown away. For example, some 
batteries contain mercury. Mercury is a poison, but it is not a problem as long 
as the battery remains sealed. A battery may be used for mere hours or days, 
but it may spend a decade in a ditch slowly leaching mercury into ground- 
water. Proper disposal is essential to protect people and the environment 
from hazardous chemicals. 


Environmental Effects 


Some chemicals are safe for people to handle but may cause long-term 
environmental damage. Chlorofluorocarbons (CFCs) are non-toxic, 
non-flammable chemicals used mainly in cooling systems. They contain 
chlorine, which acts as a catalyst in the upper atmosphere and causes the 
destruction of Earth's ozone layer. It is estimated that CFCs released 50 years 
ago are still in the upper atmosphere. CFCs are no longer manufactured in 
Canada or used in new air conditioners and refrigerators. When older appli- 
ances are serviced or no longer useful, the CFCs in them must be recycled or 
destroyed. In Unit D: Energy Flow in Global Systems, you will learn about 
the Montreal Protocol, an international agreement to phase out the produc- 
tion and use of CFCs. 
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These changes in the way we use CFCs have paid off. In the 10 years 
between 1990 and 2000, CFC emissions dropped to one-seventh of their 
1990 value. But the effects of these emissions are long lasting. It is predicted 
that the ozone hole will not be eliminated until about the time your grand- 
children are in high school. 


Health Concerns 


Many people use chemical substances for recreational purposes, and some of 
these substances can be toxic. The two most commonly used hazardous 
recreational chemicals are alcohol and nicotine. 


Alcohol 


Alcohol is an example of a chemical that is toxic when used in large 
amounts. The alcohol used in beverages is ethanol. Its formula is 
CH,CH,OH,;. Alcohol is considered to be a drug because of its effects on the 
body. The excessive use of alcohol can lead to destruction of the liver, the 
kidneys, and brain cells (Figure A2.35). It can cause physical dependence, 
also called addiction. Physical dependence occurs when the body becomes 
used to à drug and needs it to function. Alcoholism is an addiction to 
alcohol. 

Alcohol abuse can also lead to psychological dependence. In psycholog- 
ical dependence, the use of the drug is linked to certain moods or feelings. 
When the drug wears off, the feeling disappears. The person drinks more 
alcohol to try to recapture the mood or feelings. Both physical and psycho- 
logical dependence prevent people from controlling their drug use, and can 
seriously damage their health. 


slurred spesch, blusred vision, 
reduced inhibitions 


destruction of brain cells 


increased heart rate and 
blood pressure 
chronic high blood pressure 


loss of body heat rom 
increased blood flow to skin 
4 irritating of linings of 
iw 2 a stomach and intestines 
renes e leading to vomiting 
the liver 


increased urine production 


A mother who consumes 
alcohol during pregnancy 
can cause permanent 
damage to her baby. Babies 
born with fetal alcohol 
spectrum disorder (FASD) 
suffer from brain damage, 
slow growth, heart defects, 
and mental disabilities. No 
safe level for alcohol 
consumption during 
pregnancy has been 
determined. Doctors advise 
pregnant women not to 
drink alcohol at all. 


Fisußk A2 35 Alcohol abuse 
damages health in many ways. 
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Alcohol misuse costs lives in other ways by leading to high-risk types of 
behaviour, three of which are significant killers. The first is driving while 
drunk. The second dangerous behaviour is binge drinking. where a large 
amount of alcohol is consumed quickly. The blood alcohol level becomes so 
high that it affects parts of the brain and nervous system that control 
breathing and heartbeat. The drinker then dies because breathing stops or the 
heart stops beating, usually while the drinker is unconscious. A common 


Minds On... Passive Smoking in Restaurants and Pubs 


Many cities in Canada have regulations controlling smoking 2. Each person in your group then picks one of the interest 
in workplaces, including restaurants and pubs. Some require groups and attempts to argue its point of view. You do 
an outright ban. Others include partial bans; and others not need to feel restricted to “expected” opinions. For 
require special ventilation systems for smoking areas. example, smokers may argue for a smoking ban. 

1. In groups of about four, brainstorm the opinions of Presenting good reasons for the opinion is the main 


Smoking can 


FIG M. Cigarette smoking 
damages health in many ways. 
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way to die from alcohol poisoning is to vomit while unconscious, and then 
inhale the vomit and suffocate. The third dangerous behaviour is the use of 
alcohol in combination with some other drug—prescription, over the 
counter, or illegal. This is dangerous because the mixture of drugs affects the 
body in ways that can cause death at relatively low levels of blood alcohol. 


Nicotine and Other Tobacco-Related Chemicals 


Nicotine, like alcohol, is a highly addictive drug. It is present in all tobacco 
products, including cigarettes, cigars, and chewing tobacco. People addicted 
to nicotine experience both psychological and physical dependence. Most 
people are unaware of their addiction until they try to stop smoking and 
cannot. 

Cigarettes are the most common source of nicotine. But nicotine is only 
one of the chemicals that make cigarettes dangerous. Cigarette smoke is many 
times more harmful than the most polluted air. It contains large amounts of 
carbon monoxide, a poison that is also released from car exhaust. Thirty 
percent of cigarette smoke is composed of a mixture called tar, which is made 
up of over 3000 chemicals including formaldehyde and benzene, a hazardous 
substance. Cigarette smoking damages both the respiratory system and the 
circulatory system (Figure A2.37). A heavy smoker has a 20 times greater 
chance of developing lung cancer than a non-smoker does. About one-third 
of all cancer deaths in our society are caused by smoking (Figures A2.36 
and A2.37). 


wrinkles caused by decreased 
blood flow to skin 


nicotine addiction 


respiratory system diseases 
(e.g. emphysema) 


circulatory system diseases 
(e g. high blood pressure 
and heart disease) 


different interest groups including smoking employees, objective. 


non-smoking employees, smoking customers, non- 3. Your teacher may bring all the groups together for a 


smoking customers, owners, and Workers’ Compensation class discussion. 
Board representatives. (The Workers’ Compensation Board 
is responsible for protecting workers’ health and safety.) 


Cigarette smoke is dangerous to non-smokers as well as smokers. Passive 
smokers are those who are exposed to smoke from other people's tobacco 
products. Studies show that passive smokers have an increased risk of 
cancer. They also may experience itchy, watery eyes, and throat irritation. 
Many workplaces, including restaurants, are smoke-free so that workers are 
not exposed to secondhand smoke from other workers or customers. 


Benzene—A Regulated Substance 


You have probably seen presentations made with an overhead projector. You 
may have used one yourself, or your teacher may have used one in science 
class. The sheets of clear plastic used for overheads are called acetate sheets 
because they are made with a type of plastic called acetate. 

The process for making acetate plastics uses several compounds, one of 
which is benzene. Benzene is a hazardous chemical that is both toxic and 
flammable, but it can be used safely if proper procedures are carefully 
followed. Why use benzene if it can be harmful? Benzene continues to be 
used because it is important in many applications. It is one of the top 20 
chemicals by volume produced in North America. It is used to make dyes, 
detergents, and medicines, such as aspirin. These substances do not have 
benzene’s toxic properties. Environmental and health concerns are met by 
keeping benzene contained. 

In previous science courses, you may have learned how to transport, 
handle, and store domestic materials, such as pesticides and motor oils, 
safely. At the industrial level, the safeguards are even greater because of the 
potential for large-scale damage. The huge volumes of potentially hazardous 
substances used mean that a spill or leakage from a single accidental release 
could have a major impact on people and the environment. 


Safe Transportation and Handling of Benzene 


Benzene is a regulated substance. This means it must be used only according 
to strict guidelines that are reviewed and revised from time to time. For 
example, it used to be common to ship benzene by rail car in volumes of 
80 m°. The potential release from a single rail car was considered too 
dangerous, so current regulations limit the volume to 20 m*. 
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The guidelines to protect workers who produce, transport, and dispose of 
benzene are very specific. For example, workers should not be exposed to an 
average benzene concentration of more than 1 part per million (ppm). At 
higher concentrations, workers must wear masks with activated charcoal 
filters. These measures may seem complicated, but they are designed to 
protect workers and still allow chemical processing to continue. 

Good science and technology make it possible to use a potentially 
hazardous substance like benzene safely and effectively to produce materials 
that we need and want. We can manage hazardous substances through a 
combination of: 


* understanding the properties of materials; 

* using careful and clever design and process engineering; 

* placing personal safety and environmental protection as the top 
priority; and 

* enforcing effective regulations. 


Chemistry-Related Careers 


Our society is so dependent on chemicals that it's not surprising that many 
different careers involve chemistry. The most obvious ones are chemical 
engineers and chemistry teachers. But many others require some knowledge 
of the use and handling of chemicals. Two éxamples are food technologist 
and cosmetics formulator. 


Minds On... 


With your class, brainstorm a list of careers in your commu- 
nity that involve chemistry of any kind. These could include 
pharmacist and doctor, but also hair stylist, photocopier 
repair person, and farmer, among many others. 

After you've created the class list, your teacher will 
assign one of these careers to your group. With your group, 
research the following questions. If possible, interview 
someone who has this career. 


Chemistry Careers in Your Community 


. What are some typical examples of how chemistry is 
used in this career? 


. What training is needed for this career? 


3. How many people in your community are working in 
this career? 


Prepare a poster or pamphlet about the career and discuss it 


Cosmetics Formulator 


A cosmetics formulator takes raw materials approved for use in the cosmetics 
industry and combines them to make new products or improve existing ones. 
Nail polish, lipstick, hair conditioner, and skin cleansers are all mixtures put 
together under the direction of a cosmetics formulator. 

The formulator must have an excellent understanding of the basic prop- 
erties of the materials and their effects on different parts of the body. For 
example, a substance that can be safely applied to a fingernail is not neces- 
sarily safe to apply to the lips. No less important is an understanding of how 
different materials interact when mixed. Do they react to produce a toxic 
substance? Will they stay mixed in a container, even when exposed to higher 
temperatures and humidity? 

Designing a new product is only the first step. The formulator must make 
sure the product can be made on an industrial scale. The raw materials must 
be made correctly and consistently so that the final product will always have 
the right properties. The formulator performs quality control tests on every 
batch to ensure that pH, viscosity, colour, fragrance, and other properties 
meet required standards. 


Working with Chemistry 


You may not know a food technologist or cosmetics formulator, but there are 
many other careers in your community that involve chemistry in some way. 
Every day, you encounter people who must know how to use certain chemi- 
cals safely in specific applications: nurses, painters, pharmacists, dentists, 
and hair stylists. Chemistry is an essential part of their careers—and your 
everyday life. 


Check and Reflect 


Knowledge 


ESEARCH 

1 Acetone is a chemical used 

to make plastics, drugs, and 

other chemicals. You may 

= have used it as a solvent for 

> removing nail polish. Find 

out how acetone enters the 

> environment and list some 

of the health effects from 

; moderate and high exposure. 

$ How can we protect 

ourselves and the 

environment and still use 

i this product? Begin your 

= search at 

- www.pearsoned.ca/ 
school/science10 


connected with issues around the use of 


— 
development of ditterent food 


with your class. 


Food Technologist 


Could you tell the difference between red ketchup and green ketchup in a 
blind taste test (Figure A2.38)? Does ketchup have nutritional value or is it 
simply for making food more appetizing to some people? Food technologists 
use sight, smell, touch, and taste to evaluate existing food products and 
develop new ones. They study how ingredients, which provide nutrition, 
interact with additives, which improve colour, texture, taste, and shelf life. 
In Alberta, the food production, processing, and distribution sector 
accounts for over one quarter of all jobs. It is second only to the petrochemi- 
cals industry in economic importance. Food science is involved in every part 


products require a detailed of it. 
knowledge of food chemistry. 
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1. Describe the hazardous effects of CFCs, 
including the length of time they can remain 
in the atmosphere. 

2. Why is alcohol considered to be a drug? 

3. List some direct chemical effects of 
excessive use of alcohol. 

4. Describe the main effect of nicotine on the 
body. 

5. List four poisonous components of tobacco 
smoke. 


Applications 
6. Some consumer products are not toxic or 
hazardous themselves, yet they are 
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hazardous materials. Why? 

7. Give two examples of how a food 
technologist would apply an understanding 
of chemistry to a new food product. 

8. What skills would a cosmetics formulator 
need? 

9. Choose one career in your community and 
describe how it involves chemistry in some 
way. 


Extension 


10. Distinguish between physical dependence 
and psychological dependence on a drug. 


Knowledge 


1. What is an element? About how many elements 
occur naturally? 


N 


. Explain the terms “period” and "family" as they 
apply to the periodic table. 


e 


. List the properties (mass, charge, location in an 
atom) of each of the following: proton, neutron, 


» 


electron. 
l| . What is an energy level? 
. What is the maximum number of electrons that 


can exist in the first three energy levels of an 
atom? 


[] 


. What is meant by atomic number? 
. Use an example to explain what isotopes are. 


8. 
7. 
8. What is mass number? 
9. 


. What are valence electrons? 


10. What are ions? 


11. List some properties that ionic compounds have 
in common. 


12. Explain what an electrolyte is and how an 
electric current runs through it. 


13. What is a precipitate, and what is meant by the 
term "precipitation"? 
14. Use the solubility chart in Table A2.14 on 
page 57 to help you decide whether the 
following ionic compounds are slightly soluble 
or very soluble: 
a) NaCl 
b) Cul 
c) BaS 
d) KMnO, 
e) ammonium sulfide 
f) calcium nitrate 
g) silver acetate 
h) lead(II) sulfate 


15. List some properties that are characteristic of 
acids. 


16. List some properties that are characteristic of 
bases. 


17. What is the pH scale? What pH values 
correspond to acidic, neutral, and basic 
solutions? 
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18, What is meant by neutralization? 


Applications 


19. How many electrons do each of the following 
noble gases have: helium, neon, argon? Are the 
valence energy levels of these elements 
completely filled or partially filled? What does 
this say about their chemical stability? 


20. Distinguish between mass number and atomic 
molar mass. Which one of these is found in the 
periodic table? 


21. Draw an atom that has 10 protons, 11 neutrons, 
and 10 electrons. Using the periodic table in 
Figure A2.3 on page 30, identify the element. 
Label the nucleus, the subatomic particles, and 
the valence energy level. 


22. Two isotopes of aluminium are aluminium-26 
and aluminium-27. Explain how these atoms are 
similar and how they are different by describing 
their atomic structure. 

23. Using the octet rule, decide if each of the 
following elements will gain or lose electrons to 
become ions. State how many electrons will be 
involved in each case: 


a) sodium 

b) fluorine 

c) calcium 

d) nitrogen 

e) oxygen 

24. Name the following ionic compounds: 

a) CsCl,,, 8) ALO; 
b) KN; h) AgF,,, 
€) Na,O,,, i) FeBr,,, 
d) AIN; j) PbCl,,., 
9) MS, K) NO 
D Li,P,, l) Aude, 


25. Name the following ionic compounds: 
a) (NH,AS,, g) Pb(HPO,),,,) 
b) (NH,),SO,,, h] KMnO,;, 
€) Ca(NO,).,,) i) Na,Cr,0,,,, 
d) AMHCO,),,,, j) ACH COO, 
e) Na, SiO % k) Co(C,H,COO),,,, 


f Gr(ClO,),,,, — 1) NH,SCN,,, 


26. Write the formulas of the following ionic 
compounds: 
a) sodium bromide 
b) calcium nitride 
c) magnesium oxide 
d) aluminium chloride 
e) rubidium iodide 
f) lithium phosphide 
g) iron(II) sulfide 
h) chromium{II) nitride 
i) copper(l) oxide 
j) titanium(IV) bromide 
k) lead(HI) fluoride 
1) cobalt(III) nitride 


27. Write the formulas of the following ionic 
compounds: 
a) lithium carbonate 
b) beryllium nitrate 
c) sodium phosphate 
d) ammonium cyanide 
e) sodium hydrogencarbonate 
f aluminium borate 
g) manganese(II) perchlorate 
h) iron(lII) hydroxide 
i) copper(II) benzoate 
j) gold(III) thiocyanate 
k) lead(IV) chromate 
1) chromium(III) phosphite 


28. Write the name or formula of the following 
molecular compounds: 
a) NO,, 
b) S0 
c) PCl,,, 
d) carbon tetrabromide 
e) sulfur hexachloride 
f) oxygen difluoride 
8) NL, 
h) H,O 
i) NH, 
j) methane 
k) tetraphosphorus decaoxide 
1) xenon difluoride 


29. Water is a polar molecule. Explain what this 
means. 


30. 


31. 


32. 


Explain why ionic solids tend to have high 
melting points, while molecular solids tend to 
have low melting points. 


Name each of the following and indicate 

whether it is an acid or a base: 

a) HF, e) NH,OH,,,) 

b) HN, f) CH,COOH,,,, 

c) NaOH,,,) B) H, PO. 

d) HCOOH,,, h) CaO, 

List health hazards resulting from a sudden d 


intake of an excessive amount of alcohol 
(alcohol poisoning). 


. List health hazards resulting from the long-term 


use of tobacco products. 


. Choose one of the following careers and explain 


why it can be considered a chemistry-related_ 
career: doctor, school janitor, car mechanic, 
cancer researcher. 


Extensions 
35. Draw a sketch showing the arrangement of 


protons, neutrons, and electrons for the 
following: 

a) calcium-41 atom 

b) calcium-41 ion 


. Write the name or the formula for the following 


compounds. Both ionic and molecular 
compounds are listed. 

a) calcium nitrate 

b) aluminium hydroxide 
c) methanol 

d) phosphorus tribromide 
€) (NH,),CO,,,, 

f SC, 

8) SnCL,, 

h) SrCl,,,) 

i) sodium ethanoate 

j) lead(IV) acetate 

k) hydrogen peroxide 

1) glucose 
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Key Concepts 

In this section, you will learn about the 

following key concepts: 

* how chemical substances meet human 
needs 

* evidence of chemical change 

role and need for classification of chemical 
change 

* writing and balancing equations 

* law of conservation of mass 

* the mole concept 


Learning Outcomes 
When you have completed this section, you 
will be able to: 


* provide examples of household, commercial, 


and industrial processes that use chemical 
reactions to produce useful substances and 
energy 
* identity chemical reactions that are 
significant in societies 


* classify and identity categories of chemical 
reactions (Le. formation (synthesis), 
decomposition, hydrocarbon combustion, 
single replacement, double replacement) 


* define the mole as the amount of an element 
containing 6.02 x 10” atoms (Avogadro's 
number) and apply the concept to calculate 
‘Quantities of substances made of other 
chemical species 

e interpret balanced chemical equations in 
terms of moles of chemical species, and 
relate the mole concept to the law of 
‘conservation of mass 


energy flows. 


[LIE NE The space shuttle is driven 


by two chemical reactions. The main engines 
use liquid hydrogen and oxygen, and the 
booster rockets use solid fuel 


Chemical change is a process that 
involves recombining atoms and 


he launch of a space 
shuttle is always dra- 
matic (Figure A3.1). 


Flames and-smoke pour out. 
The sound of the engines can 
be heard—and felt—at the 
viewing stand 5 km away. At 
the top of the ship, seven astro- 
nauts sit in the crew cabin, 
dependent on the energy 
unleashed by the violent 
chemical reactions occurring 
just below them. 

Within the shuttle. liquid 
oxygen and hydrogen react to 
produce water. This reaction 
drives the shuttle's main 
engines. 

The booster rockets are 
fuelled by a different reaction 
in what can be described as a 
"controlled explosion." 


The solid fuel used in the space shuttle booster rockets is a 
mixture of aluminium metal and ammonium perchlorate. These two 
substances react chemically when the rocket is ignited. The reaction 
quickly releases a tremendous amount of heat. It also converts the 
solid fuel into several products, some of which are gases. This chem- 
ical reaction is complicated, but like all reactions, it is a process in 
which substances change to form different substances with different 
properties. In this reaction, energy is released. In others, energy is 


consumed. 


In this section, you will learn more about chemical reactions, and 
use the law of conservation of mass to help you write chemical equa- 
tions. These equations are concise, meaningful statements that 
describe chemical change. You will also learn how to predict the 
outcomes of thousands of chemical reactions simply by looking at 
the names of the starting materials and following some simple 
patterns. Finally, you will be introduced to Avogadro's number 
(6.02 x 107?) and a quantity called the mole, used universally by 
chemists to measure amounts of chemicals. 
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A 3. Important Examples of Chemical 
Change 


Chemical change occurs when a substance or substances react in a chemical 
reaction to create a different substance or substances. The substances that 
react are called reactants, and their reaction produces new substances called 
products. The products have completely different properties from the reac- 
tants. Chemical changes are always accompanied by energy flows. These 
flows of energy into or out of systems drive chemical reactions. 


Minds On... | Energy Flow through Systems 


(b) Water on a stove (c) Baking 


(a) Fireworks 


(d) A glow stick 


ien 


Slicing an onion causes your 
eyes to sting because of a 
chemical reaction. Slicing 
ruptures the onion's cells, 
allowing substances to mix. 

A gas is produced and reacts 
with the water in your eyes— 
producing dilute sulfuric acid! 


Look at each of the photographs in Figure A3.2. With your 1. Which of these processes involve a release of energy? 
partner, consider the questions on the right. Then write a 2. Which involve the absorption of energy? 


Statement about each process, outlining whether it repre- 
sents a chemical or physical change, and whether energy is 
absorbed or released. 


Chemical reactions are used in a wide variety of applications. A fast chem- 
ical change, such as the sudden release of gases from solids, may be needed to 
make an explosion. But not all chemical reactions are fast. Chemical reactions 
can be used both to release energy slowly and to store it, as in a rechargeable 
dry cell battery. One chemical reaction in the battery releases energy to power 
a flashlight. The reverse chemical reaction recharges the battery when it has 
run down. Chemical reactions are also used to make starting material for 
industrial processes and in manufacturing final products. For example, large 
amounts of the compound ethylene are produced in Alberta. It is a starting 
material for many products, including polyethylene, used in sandwich wrap. 

Chemical reactions also occur naturally in countless biochemical 
processes. These include photosynthesis in plants, which produces sugars, 
and cellular respiration in all living things, which breaks the sugars down 
again. We will look at examples of different kinds of reactions to illustrate 
some of the ways our society uses chemistry. 


Reactions That Form Gases 


Reactions that form gases can be sudden and dramatic in an explosion, or 
slow and steady in a rising cake. An explosion occurs when a small amount 
of solid or liquid converts quickly to a large volume of gas. Although military 
uses of explosives may be the first to come to mind, most explosions are 
commercial. 


3. Which are chemical changes? 
4. Which are physical changes? 
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FIGURE A3.3 Avery tast 


Chemical reaction produces the gas 
that inflates the bag. 


infoBIT 
The following symbols are 


used to indicate states in 
chemical formulas: 

(s) solid 

(1) liquid 

(a) gas 

(ag) aqueous (dissolved in 
water) 


An automobile air bag is a good example of a commercial use of an explo- 
sion in a safety device (Figure A3.3). A solid compound called sodium azide 
(NaN) is heated and ignited by an electrical signal when a front-end colli- 
sion occurs. The air bag inflates in about 25 milliseconds, just in time to 
cushion the body of a person 30 to 50 milliseconds after the collision. In this 
case, nitrogen gas is produced when a solid suddenly decomposes. 


Reactions That Form Solids 


A common household application that forms a solid is a popular glue known 
as five-minute epoxy. The product package contains two chemicals: a resin 
and a hardener. When you are ready to use the glue, you mix the two chemi- 
cals together. You can work with the product for about five minutes before it 
begins to harden. It fully hardens in one hour. Each of the molecules in the 
resin has several places where it can join with the molecules in the hardener. 
A web of links forms, causing the whole mixture to form one large molecule. 
The result is a solid that will hold its shape and not melt. The bonds are 
strong and will bind many materials that are otherwise difficult to glue 
together, such as plastic to steel. 


Showing States in Chemical Formulas 


You have probably noticed that the states of each substance in a chemical 
reaction are often provided. These are included to give as much information 
as possible about a reaction. You can assume that the state subscript refers to 
the substance's state at room temperature (25*C), unless other information is 
provided. For example, at 25°C, carbon dioxide is a gas and is written as 
CO,,,,, but "dry ice"—frozen carbon dioxide—is solid carbon dioxide, and 
should be written as CO. % Table salt is a solid (NaCl,,.), but when dissolved 
in water, it is aqueous (NaCI. Here are some guidelines for the states of 
substances at room temperature. 


Elements 


* Metals are solid, except mercury, which is a liquid. 

e Most of the diatomic elements are gases: Hz Noi Ou Fai) and 
Cl;,,,. Bromine is a liquid, and iodine is a solid: Bra and L,,,). 

* Sulfur, phosphorus, and carbon are solids. 


Compounds 


All ionic compounds are solid at room temperature. 

* Anionic compound that is very soluble is shown as aqueous when it 
is dissolved in water. An ionic compound that is slightly soluble is 
usually shown as a solid, even when it's in water. 

* Molecular compounds are very difficult to predict. The smaller the 
molecules are, the more they tend to be gases. The larger they are, the 
more they tend to be liquids and then solids. For example, CI % isa 
gas (natural gas), C,H,,,) is a liquid (component of gasoline), and 
C Hy.) is a solid (bees wax). 
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Energy Changes 


Energy flow is an essential part of any chemical reaction. In some reac- 
tions, energy is released. Earlier in this section, you saw examples of how 
the rapid release of energy can produce explosions. In other chemical 
reactions, energy is absorbed. 


Exothermic Reactions 


Exothermic reactions release energy, usually in the form of heat, light, or 
electricity. The lead-acid storage battery in Figure A3.4 is an important 
commercial product. It discharges during ignition and charges while the 
vehicle is running. While it is discharging, an exothermic reaction occurs. 
This type of battery has been used in almost every car and truck for over 
100 years. It can withstand considerable shaking and is one of the few 
batteries that can be recharged repeatedly—several thousand times! The 
battery contains sulfuric acid, which works as an electrolyte to carry an 
electric current between the solid chemicals inside the battery. The solids 
are lead and lead(IV) oxide. They react in reversible chemical reactions 
inside the battery. When the vehicle is started, the battery releases energy 
in the form of electricity. As the vehicle is running, the battery recharges. 

Each discharge and recharge of the battery wears it out as the chemi- 
cals gradually break down. Eventually, the battery must be discarded, but 
the lead, plastic parts, and even the sulfuric acid are recycled. Over 90% 
of all lead batteries are recycled, making it one of the most recycled 
products. 

Another important exothermic reaction is the combustion of fossil 
fuels: coal, oil, and natural gas. Combustion is a chemical reaction that 
occurs when oxygen reacts rapidly with a substance to form a new 
substance and gives off energy. This is called "burning." For example, 
coal is used to produce electricity. The heat released by coal combustion 
is used to make steam, which drives turbines that produce electricity. 
This process also produces carbon dioxide, which is a greenhouse gas that 
contributes to climate change. 


C, On, —* CO + energy 

coal + oxygen —> carbon dioxide + energy 

Automobiles use gasoline instead of coal for combustion. Gasoline is 
a mixture of compounds, including hexane (CHI). The combustion of 
hexane is shown in the equation below. 

2€,Hj* 190,,—* 12CO,, +14 H,O + energy 


hexane + oxygen —— carbon dioxide + water + energy 


Endothermic Reactions 


Endothermic reactions absorb energy. For example, a cold pack, like the 
one in Figure A3.5, contains chemicals that absorb energy directly from 
the environment. When you squeeze the package, you break a container 
inside the pack that keeps the chemicals separate from each other. When 
the container breaks, the chemicals mix and react. As they react, they 
absorb energy, and the whole mixture cools down. 


Sutturic acid electrolyte 


Almost every car and 
truck produced in the last century has 
used the chemical reaction in a lead- 
acid battery like this one. 


FIGU An athelele cools an 
injury using a cold pack. The chemicals 
in the cold pack are reacting in an 
endothermic reaction. 
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reaction of photosynthesis is 
essential to life on Earih. It takes 
place in chloroplasts in the cells of 
green leaves and stems. 
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Biochemical Reactions 


The reactions we have looked at so far are important for our society. For 
example, combustion of fossil fuels produces energy for transportation. The 
next group of reactions we will look at are biochemical reactions. They are 
essential to life itself. 

Biochemical reactions may be endothermic or exothermic. They happen 
at an organism's internal temperature, and they are almost always helped by 
enzymes (biological catalysts). Catalysts are chemicals that speed up a reac- 
tion but are not used up by it. One of the most important chemical reactions 
on Earth is photosynthesis. Life on Earth depends on photosynthesis. In 
earlier grades, you learned that photosynthesis is a complex process that 
captures the Sun’s light and allows a plant to use this energy to make sugar 
molecules. It is an endothermic reaction, as shown below. In an endothermic 
reaction, energy appears on the left side of the equation. 


6 CO, + 60. 


energy + carbon dioxide+ water — glucose 


energy + +6H,O,, —> C,H,,0,, 


aq) ET] 

+ oxygen 

The chemical 

Almost all food on Earth begins with this reaction in the leaves of plants 


(Figure A3.6). The oxygen is a byproduct of the reaction. Most of the oxygen 
in our atmosphere comes from photosynthesis. 

Cellular respiration is the reverse of photosynthesis. Both plants and 
animals use cellular respiration to release energy that is then used to drive all 
the chemical reactions in their tissues and organs. The equation for this 
exothermic reaction is shown below. This is an exothermic reaction so 
energy appears on the right side of the equation. 


CHO, 6 0 6CO,,, 6 0% 


+ oxygen — energy + carbon dioxide + water 


hg — energy + 


glucose 


Skill Practice Making Inferences 


In Activity A9, you will be making inferences. An inference is 
a conclusion made by analyzing facts. When you draw 
conclusions about the observations you make in a scientific 
investigation, you are making inferences. An inference is a 
logica! analysis of facts, so it can always be justified by those 
facts. 


For example, an advertisement states that 20 out of 25 
people prefer Brand A cota over Brand B. Can you inter that 
80 percent of all people prefer Brand A cola? No, because 
you do not know how many people were interviewed or how 
these people were chosen. Were they chosen at random, or 
were they all regular buyers of Brand A cola? Without this 
information, there is not enough data to make an inference. 


Unit A: Eneray and Matter in Chemical Change 


For each of the following situations, write an inference 
based on the given data. If there isn't enough data to justify 
an inference, write a sentence to explain why. 


1. The juice stored in the back of the bottom shelf of the 
refrigerator is frozen. What can you infer about the 
temperature in the refrigerator? 


2. Your cake comes out of the oven looking more like a 
pancake than a light, fluffy cake. What can you infer 
about the length of the baking time? 


3. Eight in ten dentists recommend Brand X toothpaste for 
reducing cavities. What can you infer about this tooth- 
paste? 


Activity A9 


Inquiry Lab 


Mass Change in Chemical Reactions 


The Question 
Does the mass of a system change during a chemical reaction? 


The Hypothesis 
Read over the procedure and write a hypothesis about what 
happens to the mass of a system during a chemical reaction. 


Variables 
Read over the procedure, and identify the manipulated, 
responding, and controlled variables. 


Materials and Equipment 


sodium carbonate © Erlenmeyer flask with 
solution tightly fitting stopper 
calcium chloride small test tube 
solution 50-mL beaker 
dilute hydrochloric scupula 
acid 
balance 
sodium 
hydrogencarbonate 25-mL graduated 
powder cylinder 


Part 1: Reaction in a Sealed Apparatus 

@® Test that the equipment fits together by assembling it as 
follows. Place a small test tube inside the Erlenmeyer flask 
and seal the flask with the stopper. Verify that the stopper 
fits snugly and does not fall out when the apparatus is 
inverted. Take the test tube out again. 

© Use the graduated cylinder to pour 25 mL of the calcium 
chloride solution into the Erlenmeyer flask. Wipe the 
outside of the flask to make sure it is dry. Set it aside. 

© Fill the test tube about 80% full with the sodium 
carbonate solution. Wipe the outside of the test tube to 
make sure it is dry. 

© Caretully place the filled test tube into the Erlenmeyer 
flask. Carefully seal the flask with the stopper, ensuring 
that no mixing of the solutions occurs. Measure the 
mass of the sealed assembly and record it. 


Required Skills 
= Initiating and Planning 

= Performing and Recording 
Analyzing and Interpreting 


© Tip the assembly so that the two liquids can mix. Make 
sure that the stopper does not come off or allow liquid to 
leak. Observe the reaction and record your observations. 

© Predict whether the mass of the assembly has decreased, 
stayed the same, or increased. Record your prediction. 

@® Measure the mass of the assembly again and record it. 

© Follow your teacher's instructions for disposing of the 
solutions. 

Part 2: Reaction in an Open Apparatus 

© Measure 5 g of sodium hydrogencarbonate powder into 
a dry 50-mL beaker. 

O Fill a small test tube about 80% full with dilute 
hydrochloric acid. Wipe the outside of the test tube to 
make sure it is dry. Place the test tube in the beaker. 
Carefully measure and record the mass of the whole 
assembly without spilling any liquid from the test tube. 

D Empty the contents of the test tube into the flask and 
record your observations. 

predict whether the mass of the assembly has decreased, 
stayed the same, or increased. Record your prediction, 

(9 Find the mass of the assembly again and record it. 


Analyzing and Interpreting 


1. What evidence is there that a chemical reaction took 
place in each case? 

2. How did the mass before mixing compare with the mass 
after mixing in each case? How did the results compare 
with your predictions of how the mass would change? 

3. Usually the two reactions give different results with 
regard to mass changes. Taking into account the obser- 
vations that you made, explain why you would expect 
these results to be different. 


Forming Conclusions 


4. Use your observations and the data collected to answer 
the question posed at the beginning of the activity. 


Chemical Change Is a Process That Involves Recombining Atoms and Energy Flows 


Communication and Teamwork 


Characteristics of Chemical Reactions 


At the beginning of this unit, you learned how to recognize chemical reac- 
tions. As you work through the unit, you are learning more about them. The 
following points summarize the characteristics of all chemical reactions. 

All reactions involve the production of new substances with their 
own characteristic properties. These properties include: state at room 
temperature, melting point, colour, and density. 

„All reactions involve the flow of energy. This may be detected by a 
change in temperature during the reaction. Endothermic reactions 
absorb energy from the environment. Exothermic reactions release 
energy to the environment. 

* When new substances form in chemical reactions, sometimes 
changes of state can be observed, for example, formation of a gas 
(bubbles) or a solid (precipitate). 

All chemical reactions are consistent with the law of conservation of 
mass. 


Conservation of Mass 


In 1789, the French chemist Antoine Lavoisier came to an important conclu- 
sion based on the results of many experiments he had done. He concluded 
that, regardless of the type of chemical reaction, the total mass of the reaction 
system never changes. The "reaction system" includes both the reactants and 
the products. Here is another way of saying this: When a system of chemicals 
reacts completely, the total mass of all of the reactants equals the total mass of 
the products. A shorter way of saying this is that conservation of mass occurs 
in all chemical reactions ("to conserve" means to stay constant). 

Very quickly, people recognized that Lavoisier's conclusion has many 
applications. For example, suppose 23.0 g of magnesium metal is burned in 
pure oxygen, as shown in Figure A3.7. A white powder forms. It is magne- 
sium oxide. When all of the white powder is carefully collected and placed 
on a scale, its mass is measured as 39.0 g. That is, we have 16.0 g more white 
powder after the reaction than we had magnesium metal to start: 
39.0g — 23.0g = 16.0 g. 

Does this mean that Lavoisier's conclusion is wrong? No, it isn't wrong. 
In fact, it's providing us with information. Using Lavoisier's conclusion, we 
can determine that 16.0 g of oxygen reacted with the 23.0 g of magnesium 
metal. What if we had not yet discovered oxygen? The difference in mass 
indicates that there must be a reactant we can't see—some new form of 
matter. The difference in mass between the magnesium and white powder 
product also gives us the mass of this unseen compound. 

No exceptions to Lavoisier's proposal about the conservation of mass 
during a chemical reaction are known. Not all situations are testable, of 
course. A forest fire appears to cause a lot of mass to disappear, as the trees 
and other organic matter burn up. However, the combustion of wood has 
been carefully tested in the lab. These tests have shown that the mass of the 
reactants equals the mass of the products. The mass of the gases produced 
plus the mass of the ash equals the mass of the wood and the oxygen that 
were present before combustion began. 
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In science, observations that have wide application and appear to have 
no exceptions are given a special status—they are called laws. Antoine 
Lavoisier's conclusion is called the law of conservation of mass. Lavoisier 
did not know of the existence of atoms because there was very little evidence 
for them at the time. Recall from section A1.0 that people were still devel- 
oping different models of matter. However, we do know about atoms today. 
Using the law of conservation of mass, we can deduce that the total number 
of atoms present before a reaction is equal to the total number of atoms 
present after a reaction. This is important in writing chemical equations, as 
you will be doing later in this section. 


| — -fÉSEARCH 


| Investigate the proportion 


ol greenhouse gases in 
Alberta that are produced 
from forest fires, compared 
* with other sources. Begin 
your search at 


www.pearsoned.ca/ 
school/science 10 


Check and Reflect 


Knowledge 


1. List five industrial or commercial processes 
that use chemical reactions. 


2. Explain the difference between the meanings 
of the state symbols (1) and (ag). 


3. How are the combustion of coal and the 
combustion of hexane (in gasoline) similar in 
terms of the products of these reactions? 


4. State the law of conservation of mass. 


5. What is the difference between an 
exothermic and an endothermic reaction? 


6. Explain how photosynthesis and cellular 
respiration are related in terms of the 
chemicals involved and energy. 


Applications 


7. Many reactions done in laboratories at high 
temperatures occur in living organisms at 
much lower temperatures. What do living 
systems have that allow these reactions to 
occur at the lower temperatures? 


8. List three features of a chemical reaction that 
would make it suitable for propelling a 
rocket. 


9. What are the environmental impacts of the 
combustion of fossil fuels? 


10. A 20.2-g sample of carbon dioxide contains 
5.50 g of carbon. What mass of oxygen is 
present in the sample? 


11. A 100.0-g sample of sugar contains carbon, 
hydrogen, and oxygen. The sample contains 
40.0 g of carbon and 53.3 g of oxygen. What 
mass of hydrogen is in the sample? 


Extensions 


12. Iron and sulfur react when heated together. If 
50.0 g of iron and 100.0 g of sulfur are mixed 
together and heated, a product with a mass of 
107.4 g is produced. All of the iron reacted, 
and excess sulfur burned off during the 
process. 

a) What mass of sulfur combined chemically 
with the iron? 
b) What mass of sulfur was burned off? 


13. In principle, all chemical reactions are 
reversible; that is, under the right 
circumstances, the products of a reaction can 
be used to make the reactants again. 
Photosynthesis and cellular respiration are 
related to each other this way, Use this idea 
to explain why, for every exothermic reaction 
in the universe, there is a corresponding 
endothermic one. 
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fo rr 


The first noble gas 
compound ever synthesized 
was produced in 1962 at the 
University of British 
Columbia. Xenon reacted 
with fluorine gas to form 
the yellow-orange 
crystalline solid xenon 
difluoride. The chemical 
reaction is written as 
follows: 


Keg) + Fagg) — ef 


— 


FIGURE A3.8 Evidence for the 
reaction between nitric acid and 
copper comes from the formation of 
bubbies, a yellow-brown gas, and à 
green or blue solution. 


The reaction of 
magnesium with hydrochloric acid 
results in an increase in 
temperature. 


f 3.8 Writing Chemical Equations 


Recall that a chemical reaction is a process in which one or more substances 
are transformed into new substances, each with its own properties. The 
process also involves energy being released or absorbed. In other words, a 
chemical reaction is a process involving chemical change. Chemists record 
such a process in a chemical equation that uses chemical symbols and 
formulas. This equation is a shorthand way of showing what happens during 
a reaction. Other special symbols are also used. You have seen many chem- 
ical equations in this unit. Now you will learn how to write them yourself. 


Symbolizing Chemical Change 


To write a chemical equation, you need to know what substances react 
(the reactants) and what new substances form (the products). This requires 
the following: M 

* careful observations 

* knowledge of what substances are present at the start of the reaction 

* theability to analyze the materials produced by the reaction 


The first step in writing a chemical equation is to recognize that a chem- 
ical change has actually occurred. To do this,-look for changes in properties 
and changes in energy. 

Consider the reaction between copper and nitric acid in Figure A3.8. The 
photo shows two substances that were not present in the unmixed reactants: 
a brown gas and a green solution. The presence of bubbles indicates that a gas 
is being produced. Closer inspection would reveal that the pennies are 
corroding, and the mixture has become very hot. 

Chemical change is often accompanied by visible events, such as the 
production of gas (bubbling), the release of heat (increased temperature), a 
change in colour, or the appearance of a substance that is only slightly 
soluble (cloudiness). 


Writing Word Equations 


Consider the chemical reaction of a piece of magnesium metal with 
hydrochloric acid (Figure A3.9). The corrosion of the magnesium and fizzing 
of the liquid are evidence that a reaction is taking place. The temperature is 
elevated above room temperature. showing that this is an exothermic reac- 
tion. We can describe the reaction with the following sentence: 


Solid magnesium metal reacts with aqueous hydrochloric acid to 
produce aqueous magnesium chloride and hydrogen gas. 


The starting materials (in blue) are the reactants. The substances made 
during the reaction (in red) are the products. The physical states (e.g., solid, 
gas) of each substance in the reaction are also mentioned. “Aqueous” means 
that the magnesium chloride is dissolved in water. The word equation for 
this reaction is: 


magnesium + hydrochloric acid — magnesium chloride + hydrogen gas 


2 


A plus sign (+) groups the reactants together. It does not matter what 
order the reactants are written. Hydrochloric acid could have been written 
first. The arrow (——) separates the reactants from the products and is read 
“produces.” The products are also joined by a “+” sign. 

The use of word equations opens the door to easily describing countless 
examples of chemical change. Figure A3.10 shows another example of a 
chemical reaction. An iron nail is placed in a solution of copper(II) chloride. 
The equation for the reaction is: 


iron + copper(II) chloride —> iron(II) chloride + copper 


You may be wondering how it is possible to know what the products of a 
chemical reaction are. With experience, you will often be able to predict what 
will happen in a given reaction just by looking at the names of the reactants. 
This prediction is easier if you use formula equations. Formula equations 
also help you describe chemical changes more precisely. 


Writing Balanced Formula Equations 


The bus in Figure A3.11 runs on electricity produced by a fuel cell. The elec- 
tricity comes from a reaction between hydrogen and oxygen to form water. 
The reaction can be described with the following word equation: 


hydrogen + oxygen — water 


A formula equation uses the chemical formulas of reactants and prod- 
ucts in a chemical equation to represent a chemical reaction. Recall that both 
oxygen and hydrogen gases exist as diatomic molecules. Their formulas are 


O02 and Hef. The formula equation for this reaction is: 


Hu *0,4,—3 H,0,, 


This equation is called a skeleton equation. It shows the identities of the 
substances involved in the reaction, and which elements are present. A 
skeleton equation is of limited value, because it does not show the correct 
proportions of the reactants and the products. 

How do we know what these correct proportions are? The law of conser- 
vation of mass gives us this information. Recall that the law states that the 
total mass of the reactants in a reaction equals the total mass of the products. 
The mass of all the components is represented by the number of atoms of 
each element in the reactants and products. To show the correct proportions, 
we need to write a balanced equation. The balanced equation for the forma- 
tion of water is: 


2 Hyg) + 0. — 2 H. O% 


This equation is also shown in Figure A3. 12 


3.9.9 9.9 
H, H o 4 RD 


FIGURE A3.10 An iron nail ina 


solution of copper(I) chloride 


Hydrogen and 
oxygen gas combine chemically in a 
fuel cell. The reaction in the fuel cell 


produces electrica! energy to operate 
the bus. 
FIGURE A3.12 Molecules ot 


hydrogen and oxygen react to form 


wales, 
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FIGURE LIEB Methane 


comb n provides warf in à 
natural gas fireplace or furnace. 


Notice that integers have been placed in front of the formulas for the 
hydrogen and the water molecules, These are called coefficients. In this case, 
the coefficient 2 is used to ensure that the number of hydrogen and oxygen 
atoms in the reactants equals the number of hydrogen and oxygen atoms in 
the products. Oxygen does not need a coefficient in front of it because only 
one molecule (O0, % is needed on the reactant side of the equation to balance 
the two oxygen atoms in the products. 

An equation is properly balanced if the number of each type of atom on the 
type of atom on the 
products side. Consider another reaction involving oxygen, but this time, 
oxygen is reacting with methane gas (Figure A3.13). The word equation for 
this reaction is: 


reactants side of an equation is equal to the number of eac 


oxygen + methane — carbon dioxide + water 


To write the skeleton equation, you need to know that oxygen is diatomic 
(0,5) and that the formula for methane is (H. You can find formulas for 
some compounds in Table B of Student Reference 12. The skeleton equation 
for this reaction is: 


OQ; + CH CO, HO 


zig) aln) 2080 20 
The balanced equation is: 


204% CH 07% + 2 H0, 

Note that vou balance an equation by making sure that the number of 
atoms of each element left of the arrow is equal to the number of atoms of 
each element right of the arrow. Note also that you cannot change the 
formulas of any of the substances, so you cannot balance the hydrogen atoms 
by removing two from the subscript beside the H in CH % Never change a 
subscript to balance an equation. Instead, add coefficients. A balanced equa- 
tion contains coefficients that consist of the lowest whole-number ratios of 
the substances involved in the reaction. 

Table A3.1 shows how atoms are counted. 


IE KM Number of Atoms in the Equation for the Combustion of Methane 


Combustion of Methane: 2 Ot Ch. 00. 2 H,0/,, | 
Type of Atom | Number of Reactant Atoms | Number of Product Atoms | 
(coefficient x no. of atoms) | (coefficient < no. of atoms) 
0 | 2x2-4 | 1x2+2x1=4 | 
| 1 | 1 
H | 4 | 2x2-4 | 
oo falis fa Paade end Blalas Le Phaamciaal Cian 


Example Problem A3.1 


Aqueous iron(II) nitrate reacts with aqueous sodium phosphate. The prod- 
ucts are aqueous sodium nitrate and solid iron(II) phosphate. Iron(II) 
phosphate is used as a fertilizer to prevent iron deficiency in trees. This 
condition prevents trees from making chlorophyll. Write the balanced equa- 
tion for this reaction, and include symbols showing the states. 


1. Write the word equation for the reaction. 
iron(II) nitrate + sodium phosphate sodium nitrate + iron(II) phosphate 
2. Write the skeleton equation for the reaction. 
FelN O + Na;PO 4/4; NaN + Fe(PO,);;,; 
3. Count the number of each type of atom or polyatomic ion in the 


reactants and the products. It may be helpful to use a table like 
Table A3.2. 


Number of Atoms and Polyatomic lons in the Reaction 
Reaction of Iron(Il) Nitrate with Sodium Phosphate 
Atom or Polyatomic lon | fesctants Products 


1 


4. Remember that you cannot change the formulas of any of the 
substances. Treat polyatomic ions as single units. Add coefficients: 


e Start with the first element on the left, Fe. It is not balanced. 


Place a 3 in front of Fe(NO,), in the 
reactants to balance it with the Fe in 
the Fe,(PO,), product. 

* NO, appears on both sides of the 
equation. Place a 6 in front of NaNO, 
to balance the NO, on both sides. 
This 6 means there are now 6 Na 
atoms on the product side. 

* Place a 2 in front of the Na, PO, to 
balance the number of Na atoms. 
The PO, polyatomic ions are now 
also balanced. 


5. The result is the balanced equation: 
3 Fe(NOjJ44, + 2 Na,PO,4,, — 6 NANO sjaq) + Fe,(PO,),,.) 


Practice Problem 
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| f£SEARCH 


Catalysts are chemicals that 
can speed up a chemical 
reaction, but are not 
changed by it. A catalyst is 
present at the end of a 
reaction in the same amount 
as at the start of the 
reaction. Find out how a 
catalyst is represented in a 
balanced chemical reaction. 
Begin your search at 


1. Balance the following equations: 
a) Nasa * Ha NH; 


b) CaC,,, + H,Ojy—> Ca(OH) + C; Hor 
c) SiCl,;, + H,O —9 SiO; + HCl, 
d) H,O CaS0% —9 Ca (PO) HSO e 
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Check and Reflect 


Knowledge 
1. What is a chemical equation? 


2. List four observations that could indicate that 
a chemical reaction is taking place. 


3. List four pieces of information given by a 
balanced formula equation. 


4. What information about chemical reactions is 
not given by the chemical equation? 


5. Which law of nature are we using when we 
balance a chemical equation? 


6. Use the following equation to explain the 
following terms: reactants, products, state 
symbols, formulas, coefficients. 


Zn,,,+ 2 HCl,,,, ZuCI + H. 


is} (aq) 29) % 


Applications 
7. Balance the following equations: 
a) Al, F5, Al 
b) Kj, Ory — K,0,,, 
€) CoH, ,0,/,) + Ozi — CO, + HOgy 
d) H,SOy,.) + NaOH, — 
Na,S0,,,, + H,Oj, 
e) Mg(CH,COO),,,.,) + ASNO, —> 


MgINO, ziog) + AgCH,COO,,, 
f H,0;,,, — 0; + H,O 


8. For each of the following, write skeleton 
formula equations, and then balance them. 
a) methane + oxygen 
carbon dioxide + water vapour 
b) sodium chloride —— sodium + chlorine 
c) calcium nitrate + sodium sulfate —> 
sodium nitrate + calcium sulfate 


COTES E No erret 


d) hydrogen + carbon monoxide —> 
carbon + water 
e) sodium + water 
sodium hydroxide + hydrogen 
f) calcium carbonate + sulfur dioxide + oxygen 
— calcium sulfate + carbon dioxide 
g) sulfur + oxygen — sulfur dioxide 
h) calcium phosphate + sulfuric acid 
phosphoric acid + calcium sulfate 
i) potassium chlorate—+ ~ 
potassium chloride + oxygen 


. Write the following equations as balanced 


formula equations. 

a) Solid calcium metal is placed in a solution 
of hydrochloric acid, producing aqueous 
calcium chloride and hydrogen gas. 

b) Solid magnesium nitride is placed in 
water and stirred. This produces aqueous 
magnesium hydroxide and ammonia gas. 

c) Aqueous sulfuric acid reacts with solid 
sodium hydroxide to produce aqueous 
sodium sulfate and liquid water. 

d) Gaseous nitrogen dioxide reacts with itself 
to produce gaseous dinitrogen tetraoxide. 

€) Aqueous copper(II) chloride mixes with 
aqueous sodium hydroxide to produce 
solid copper(II) hydroxide plus aqueous 
sodium chloride. 


Extension 


10. Create a drawing to illustrate the law of 


conservation of mass by showing how the 
atoms rearrange during the decomposition of 
hydrogen peroxide into oxygen and water. 


033 Five Common Types of Chemical 
Reactions 


How many different chemical reactions are possible? There are millions of 
chemical compounds, and each one can undergo many different kinds of 
chemical change. It would be impossible to learn all these reactions. 
Fortunately, chemistry is rich in patterns. Chemists looked at many different 
reactions and found that some had common characteristics. From the vast 
array of reactions, a few simple types have emerged. They allow us to predict 
the outcome of many chemical reactions just by examining the reactants. 

Five common types of reactions are: formation, decomposition, hydro- 
carbon combustion, single replacement, and double replacement. You will 
explore them in more detail in the rest of section A3.3. 


Formation Reactions 


In the simplest type of forma 
compound. This type of reac 
general statement for a format 


element + element — c 
OR 
A*B—— AB 


When sulfur burns in air, 
sulfur dioxide (Figure A3.14). 


Word equation: sulfu 
Skeleton equation: Sg) + 


Sulfur dioxide can combi C 
why as much sulfur as possible is removed from gasoline during production. 

Note that in this section, we will often use only skeleton equations and 
not balanced equations. This allows us to focus on the reaction types. 

Another formation reaction involving only non-metals is the synthesis of 
ammonia from its elements. The formula of ammonia is NH,, so the reactants 
must be the elements hydrogen and nitrogen. Both of these elements form 
diatomic molecules. 


Word equation: hydrogen + nitrogen — ammonia 


Skeleton equation: II % + Nya NH, 


Because ammonia is used in the production of explosives and fertilizers, 
its formation is an important commercial reaction. The reaction is carried out 
at high temperatures and pressure, in the presence of a catalyst. Note that you 
cannot always predict the formula of molecular compounds that form 
because more than one combination of elements is possible. For example, 
carbon and oxygen can react to form CO,,, or CO,,,). 


..  .. infoBiT 
The car of the future may 
operate on hydrogen instead 
of gasoline. Burning 
gasoline produces carbon 
dioxide, a known 
greenhouse gas. A hydrogen 
fuel cell produces only 
water. A hydrogen fuel cell 
is a device that uses a 
formation reaction involving 
hydrogen gas and oxygen 
gas to produce electrical 
energy—and water. The 
electrical energy can be 
used to drive an electric 
motor. 


m 


Sutur brig 
in air is an example of a formation 
reaction. 
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Many formation reactions occur between metals and non-metals. Table 
salt can be produced from two highly reactive substances: chlorine gas and 
sodium metal. Commercial table salt is not prepared this way, since it can 
easily be mined, but the reaction is possible (Figure A3.15). The equation for 
the reaction is: 


Word equation: sodium + chlorine — sodium chloride 


Skeleton equation: Na + Cl, > NaCl 


(s) 


Example Problem A3.2 


Special high quality grades of magnesium oxide are used in cosmetics, 
antacids, Sun blocks, and ointments. Write the balanced equation for the 
formation of solid magnesium oxide from its elements. 


1. Write the word equation: From the name of the product compound, 
you can tell that the elements it is composed of are magnesium, 
which is a metal, and oxygen, which is a diatomic gas. 


aia MEN Burning sodium 


metal in chlorine gas produces solid 
Sodium chloride 


Word equation: magnesium + oxygen — magnesium oxide 


2. Write the skeleton equation: Metals are indicated in an equation 
by their element symbol, and oxygen is a diatomic element. 
Metals other than mercury are solids at room temperature. 
Magnesium oxide is an ionic compound: All ionic compounds 
are solids at room temperature. 


Skeleton equation: Mg,,, O —9» MgO,,, 


3. Balance the equation: The balanced equation for the formation of 
solid magnesium oxide is: 


2Mg,-* Og — 2MgO,, 


Example Problem A3.3 


Artists use iron(III) chloride solutions to etch images onto copper. Write 
the skeleton equation and balanced equation without state symbols for 
the formation of iron(II!) chloride from its elements. 


1. Write the word equation: From the name of the product compound, 
you can tell that it is composed of the elements iron, which is a 
metal, and chlorine, which is a diatomic gas. 


Practice Problems Word equation: iron + chlorine —- iron(lil) chloride 


2. Write the skeleton equation: Metals are always indicated in 
an equation by their element symbol, and chlorine is a 
diatomic element. Iron(IlI) chloride is an ionic compound. 


2. Write the skeleton equation and 
balanced equation for the 
formation of lithium oxide from its 


elements. Skeleton equation: Fe,, Cl, Fc 


3. Write the balanced equation. The balanced equation for the 
formation of iron(III) chloride from its elements is: 


2Fe,, + 3 Cly —» 2 FeCly,, 


3. Write the skeleton equation and 
balanced equation for the 
formation of lead(IV) bromide 
from its elements. 
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More complex types of formation reactions involve compounds that react 
to form a single product. For example, carbon dioxide can join with water to 
make carbonic acid. This happens to about 10% of the carbon dioxide that is 
forced into soda pop in a process called carbonation, which adds the fizz to 
the drink (Figure A3.16). The skeleton equation for this reaction is: 


CO, + H,O,, —> H,CO 


20g) alag) 

When both reactants are compounds, the product of this type of forma- 
tion reaction can be very difficult to predict. When one reactant is a metal 
and the other is a non-metal, predict the product by writing the ionic 
compound that they form. 

FIGURE A3.16 The bubbles in 
carbonated beverages are carbon 
dioxide gas. The carbon dioxide 
sometimes reacts with water in the 
beverage to form carbonic acid 
OO 


Example Problem A3. 4 

The product of this reaction is used in solution to digest wood fibre 
in the papermaking process. Name and give the formula of the 
product in the following reaction: 

sodium + sulfur — 


These compounds form the ionic 


compound sodium sulfide, formula Na;S,,;. Practice Problem 


4. Name and give the formula of the product in 
each of the following reactions: 


a) calcium + nitrogen —> 
b) silver + oxygen —> 
c) aluminium + fluorine —> 


Skill Practice Formation Reactions 


Later in this section, in Activity A10, you will be asked to €) A% Cl, — 
write the equations for a formation reaction. Before doing d) K% N 
that activity, you can practise identifying and predicting e) Ca% + P — 
pones and writing equations by answering the following Write balanced chemical equations for the following 
questions. reactions. Add state symbols. You must predict the 
1. Name the product in each of the following reactions: products of the last three reactions. 
a) potassium + iodine —> a) solid lithium + oxygen gas ——» solid lithium oxide 

b) solid aluminium + liquid bromine ——» 

solid aluminium bromide 
c) liquid mercury + solid iodine —> 

solid mercury(I!) iodide 

d) solid sodium + chlorine gas —> 
e) solid magnesium + nitrogen gas —> 
1) solid nickel + fluorine gas 


b) magnesium + phosphorus —> 
c) cesium + chlorine —> 

d) calcium + oxygen —> 

e) aluminium + sulfur —> 


Complete each equation below. The products are all 
ionic compounds. 

a) Na, + Br; — 

b) Mg, + fem 
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water added here 


escaping gas 
Collected here 


A Hoffman apparatus 
‘Separates water into hydrogen and oxygen 
using electricity, in a process called 
electrolysis. 


Practice Problem 


5. Write balanced equations for the 
reactions below. 


a) solid magnesium sulfide —> 
solid magnesium + solid sulfur 


b) solid potassium iodide —> 
solid potassium + solid iodine 

c) solid aluminium oxide —> 
solid aluminium + oxygen gas 

d) solid nickel(II) chloride 
solid nickel + chlorine gas 


Decomposition Reactions 


Each of the reactions described in the discussion of formation reac- 
tions above is reversible. That is, the products can be broken down to 
yield the reactants again in a decomposition reaction. Sometimes this 
is difficult, and requires special equipment or the input of energy, but 
it is possible. 

A general statement for this type of reaction is: 


compound — element + element 
OR 
AB — A+B 


Decompostion reactions have only one reactant. One example of a 
decomposition reaction is the breakdown of water into hydrogen and 
oxygen. Figure A3.17 shows the apparatus used to do this. The 
balanced equation for the reaction is:. 


2 H. 0% — 2 Hyg + O. 


2(g) 

Example Problem A3.5 

Before 1825, pure aluminium metal did not exist. In that year, a few 
pin-head-sized pieces of aluminium metal were produced through a 
reaction involving aluminium chloride. Write a balanced equation 
showing the decomposition of solid aluminium chloride into its 
elements. 


1. Write the word equation: The elements in aluminium chloride 
are aluminium and chlorine. 


Word equation: aluminium chloride —+ aluminium + chlorine 


2. Write the skeleton equation: Aluminium chloride is an ionic 
compound. All ionic compounds are solids at room temperature. 
Metals are indicated by their symbols. Chlorine is diatomic. All 
metals other than mercury are solids at room temperature, and 
chlorine is a gas. 


Skeleton equation: AICI... AH + Cl.) 
3. Write the balanced equation: The balanced equation for the 


decomposition of solid aluminium chloride into its elements 
is: 


2 AN 2 Al, + 3 CL; 
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Hydrocarbon Combustion 


Hydrocarbons are substances that contain hydrogen and carbon. Common 
hydrocarbons include the main components of gasoline (which is a mixture 
of many liquid hydrocarbons), candle wax, and many plastics, such as poly- 
ethylene. Methane is the simplest hydrocarbon, with a formula of (Ha but 
there are millions of different hydrocarbon molecules. 

One way to write a general formula for a hydrocarbon is C,H,. The x and 
y subscripts are whole numbers that indicate how many carbon and 
hydrogen atoms are in the molecule. Figure A3.18 shows how to convert the 
general formula of C.H, to the formula for a specific hydrocarbon. Butane has 
4 carbon atoms and 10 hydrogen atoms, so its formula is C, Hing 

Any reaction with oxygen that is fast and exothermic is a combustion 
reaction (Figure A3.19). If plenty of oxygen is available to react in hydro- 
carbon combustions, there will always be only two products: carbon dioxide 
and water vapour. The general skeleton equation for this type of reaction is: 


GH, *0,,— CO +H,0,,) 
hydrocarbon + oxygen —~ carbon dioxide + water 


Natural gas is used as a fuel for home heating and cooking. Recall that 
natural gas is methane, with the formula (H %, The balanced equation for 
the combustion of methane is: 


(H. + 20% — CO, 


2g 


*2H,0, 


The following example problem uses hexane as the hydrocarbon in the 
combustion reaction. Notice that balancing these types of reactions often 
requires large numbers for the coefficients. 


Example Problem A3.6 


One of the hydrocarbon components of gasoline is hexane, C,H, Write 
word, skeleton, and balanced equations for the combustion of hexane. 


1. Write the word equation: Combustion always means reaction with 
c Since hexane is a hydrocarbon, the reaction always produces 
carbon dioxide and water vapour. 


Word equation: hexane + oxygen —> carbon dioxide + water vapour 


2. Write the skeleton equation: You know from the question that hexane 
is a liquid (because gasoline is a liquid). The other components are 
gases. Except for the particular hydrocarbon, the formulas are always 
the same for hydrocarbon combustion. 


Skeleton equation: C,H, 4+ O2/ — CO + HO; 
3. Write the balanced equation: 
Balanced equation: 2 C,H, % + 19 0% —3* 12 004% + 14 H,0,, 


Chemical Change Is a Process That Involves Recombining Atoms and Energy Flows 


H 


* 
1 
* 
| 
o-r 
| 
= 


1 
2 
1 
H 


FIGURE A3.18 UU 


x - 4 and y = 10, giving the formula 
Cg) 


von. 
‘acetylene torch cuts through 
Solid steel 


Practice Problem 


6. Complete and balance 
each equation. 


a) CHy + O — 


b) CHoy 0, — 
c) CH, + 0 — 
d) CH 0 — 
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Single Replacement Reactions 


In a single replacement reaction, a reactive element reacts with an ionic 
compound. After the reaction, the element ends up in a compound, and one 
of the elements in the reactant compound ends up by itself as an element. 
These reactions often take place in solution. The equation for a single 
replacement reaction may look like this: 


A + BC—— B + AC 


In one type of single replacement reaction, a metal atom trades places 
with a metal ion in a compound. For example, magnesium metal reacts with 
the compound silver nitrate as follows: 


Word equation: magnesium + silver nitrate — silver + magnesium nitrate 


Any metal element on its own is present as atoms. Any metal element in 
a compound is present as an ion. Its ionic charge determines how the 
compound is written. In this example, silver is a 1+ ion in silver nitrate. In 
the products, silver is an element and has ho charge. In the same reaction, 
magnesium starts out in the reactants as an element and ends up in the prod- 
ucts as a 2+ ion. The skeleton and balanced equations for this reaction are: 


Skeleton equation: Mg), + AgNO,/..) —» Agis + Mg(NO3)o/09) 
Balanced equation: Mg, + 2 AgNO,,,... — 2 Ag), + Mg(NO,),/,.., 


Example Problem A3.7 

Copper compounds are poisonous. Sometimes, active metals such as iron or 
aluminium are placed in water contaminated with copper ions. These metals 
react with the copper ions and remove them from the water. Solid copper metal 
is produced, which is safe in the water. What reaction occurs when aluminium 
metal is placed in a solution of aqueous copper(II) chloride? Write the balanced 
equation. 

1. Write the word equation: Aluminium metal replaces copper in the 
compound. Copper becomes copper metal, and aluminium forms 
aluminium chloride. 

Word equation: aluminium + copper(II) chloride — copper + aluminium chloride 

2. Write the skeleton equation: Copper(II) chloride and aluminium chloride 
are both ionic compounds. 

Skeleton equation: Al), + CuCl;,,,, —» Cu, + Aνj,A 

3. Write the balanced equation: 

Balanced equation: 2 Al), + 3 CuCl... — 3 Cu, 2 AlCl jog) 


In another type of single replacement reaction, non-metals trade places. 
The equation for this reaction may look like this: 


D+BC—+C+BD 


For example, chlorine reacts with the compound silver bromide to 
produce bromine and silver chloride. Both chlorine and bromine are 
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diatomic elements. Silver bromide and silver chloride are ionic compounds. 


The balanced equation for this reaction is: 


Balanced equation: Cl, +2 AgBr,,, BTI + 2 AgCl,,, 


Example Problem A3.8 

Iron(IlI) bromide is an industrial catalyst. It helps to speed certain chem- 
ical reactions used in manufacturing plastics. Liquid bromine is added to a 
solution of aqueous iron(II) iodide, and the mixture is stirred. This 
produces aqueous iron(II) bromide and solid iodine. Write the word, 
skeleton, and balanced equations for this reaction. Include the state 
symbols in the balanced equation. 


1. Write the word equation: Read the question carefully to find the 
names of the reactants and products. 


Practice Problems 


Write the word, skeleton, 
and balanced equations. 


7. Chlorine gas is added 
to a solution of aqueous 
nickel(III) bromide and 
the mixture is stirred. 
This produces aqueous 
nickel(III) chloride and 


Word equation: bromine + iron(IlI) iodide — iodine + iron(II) bromide 


2. Write the skeleton equation: Bromine and iodine are both diatomic 
elements. The state of each substance is given in the question, 
Skeleton equation: Br. +Fel,/..)— bi, + Fehr, 


3. Write the balanced equation: In balancing, remember not to change 
any subscripts; just add coefficients where needed. 


Balanced equation: 3 Bra) +2 Fel, 4 1% +2 Fehr, 


Skill Practice 


liquid bromine. 

. Zinc metal is placed 
into a solution of silver 
nitrate and allowed to 
sit. This produces 
aqueous zinc nitrate 
and solid silver metal. 


Decomposition and Single Replacement Reactions 


In Activity A10, you will be asked to write the equations for 3. Write balanced chemical equations for the following 


formation and single replacement reactions. You have 
already had an opportunity to practise identifying and 
predicting products and writing equations for formation 
reactions in the Skill Practice on page 93. You can practise 
identifying and predicting products and writing equations for 
decomposition and single replacement reactions by 
answering the following questions. 


reactions. You must predict the products where indicated. 
a) solid iron(II!) chloride —+ solid iron + chlorine gas 
b) solid copper(I) oxide ——» 
solid copper « oxygen gas 

c) solid lithium bromide ——» 7 
d) liquid bromine + aqueous chromium(Ill) iodide ——» 

chromium(III) bromide + solid iodine 
e) aqueous silver nitrate + solid copper — 7 


1. Name the products in each of the following reactions: 
a) magnesium phosphide — 
b) sodium chloride —> 
€) strontium oxide —> 
d) zinc + iron(I!) chloride — 
e) aluminium + copper(!!) iodide —> 
f) magnesium + gold(II!) nitrate —> 


Complete each skeleton equation. 

a) Ca0,, — d) Fe, * Cu(N0,);,,, —^ 
b) Maf —> e) Cb, + Mal 

c) Mg, y — f) Pb, + AQNO3 „ 


. Write the word, skeleton, and balanced equations for 


the following reactions. Include the state symbols in the 

balanced equations. 

a) Liquid bromine is added to a solution of aqueous 
iron(IIl) iodide and the mixture is stirred. This 
produces aqueous iron(II) bromide and solid iodine, 

b) Magnesium metal is placed into a solution of 
gold(!II) fluoride and allowed to sit. This produces 
aqueous magnesium fluoride and gold metal. 
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Activity A10 


Inquiry Lab 


Formation, Decomposition, and Single 


Replacement Reactions 


The Question 


What chemical changes happen during formation, decompo- 


sition, and single replacement reactions? 


HE 
Materiais and Equipment 


anhydrous copper( ii) sulfate G © 


3% hydrogen peroxide solution (©) 
manganese(lV) oxide e O) 
15-cm length of copper wire 

steel wool 

water 

balance 

test tube 

medicine dropper 

tongs 

Bunsen burner 

Erlenmeyer flask 

copperſil) sulfate pentahydrate © © 


1-cm? pieces of copper, silver, (O) 
and magnesium metal 


copper(ll) nitrate solution (T) (&) 
silver nitrate solution eo 
microscope slides 


microscopes (preferred), hand lenses, or magnifying 
glasses 
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Required Skills 
Initiating and Planning 

= Performing and Recording 

* Analyzing and Interpreting 
Communication and Teamwork 


Procedure 


Part 1: Formation Reaction: Anhydrous Copper(Il) Sulfate 
+ Water 


Place about 2 g of anhydrous copper il) sulfate in a test 
tube. Record the colour. 3e 


© Hold the test tube by curling your fingers around it, so 
you can detect any temperature changes when you add 
water. 


© Using a dropper, add 5 drops of water to the anhydrous 
copper(Il) sulfate in the test tube, Record any colour 
changes and temperature changes in your notebook. 


Part 2: Formation Reaction: Iron + Oxygen 


© Light the Bunsen burner. Using the tongs, light one of 
the pieces of steel wool, and record the result. 


o Place about 1 g of manganese(IV) oxide in an 
Erlenmeyer flask. Add 5 mL of 3% hydrogen peroxide 
solution. Observe bubbles forming. This is pure oxygen 
gas. 


o Using the tongs and the Bunsen burner, light the 
second piece of steel wool and plunge it into the 
Erlenmeyer flask. Record the result. 


@ Follow your teacher's instructions for disposing of all 
the chemicals you have used. 


Part 3: Decomposition Reaction: Copper(Il) Sulfate 
Pentahydrate 


© Place 5 g of copper(il) sulfate pentahydrate in a test 
tube. 

© Using tongs, heat the test tube over a Bunsen burner 
flame. Note particularly the formation of any product on 
the wails of the test tube at the top. Note any colour 
changes in the material at the bottom of the test tube. 
Record your observations. 


© Once the test tube is cool enough to touch, add a few 
drops of water to the product. Record any changes. 


ie 


2:22 


Part 4: Single Replacement Reaction: Metal lon Solutions 
with Magnesium and Copper Metals 


D Use a microscope or magnifying glass for the following 
steps. 

O Put a piece of magnesium on a clean slide, and place 
the slide under the microscope lens. Focus on the edge 
of the magnesium. 


(B) Put a drop of silver nitrate solution on the magnesium. 
Record your observations. Note whether a reaction is 
occurring or not. If you are using a microscope, try to 
describe the growth of the metallic crystals. 


(D) Repeat steps 12 and 13 with the copper metal and the 
silver nitrate solution. 


(B) Repeat steps 12 and 13 using the silver metal with the 
copper(I!) nitrate solution. 


(B. These solutions contain toxic metal ions. They require 
special disposal procedures. Follow your teacher's 
instructions for disposing of all the substances you 
have used. 


Analyzing and Interpreting 


Part 1: Formation Reaction: Anhydrous Copper(ii) Sulfate 
+ Water 


1. What evidence is there that adding water to anhydrous 
copper(I!) sulfate creates a chemical reaction and not 
just a mixture? 


2. Is the reaction of anhydrous copper(I!) sulfate with 
water exothermic or endothermic? Explain. 


Part 2: Formation Reaction: Iron + Oxygen 


3. Describe the differences between burning steel wool 
(a source of iron) in air and burning it in pure oxygen. 


4. Rewrite the following sentence as a balanced formula 
equation. Include the state symbols. 
Solid iron reacts with oxygen gas to form solid 
iron(IlI) oxide. 


Part 3: Decomposition Reaction: Copper(Il) Sulfate 
Pentahydrate E 


5. What evidence is there that water is one of the products 
of the decomposition of copper ii) sulfate pentahydrate? 


6. What is the other product of this decomposition 
reaction? 


Part 4: Single Replacement Reaction: Metal lon Solutions 
with Magnesium and Copper Metals 


7. Do all the combinations of metals and solutions appear 
to react in the same way? Include the rate of the reac- 
tion and the shape of the crystals in your answer. 


. Translate the following sentences into balanced formula 

equations, showing state symbols: 

a) Magnesium metal reacts with silver nitrate solution to 
produce silver metal and magnesium nitrate solution. 

b) Copper(!I) nitrate solution reacts with magnesium 
metal to give magnesium nitrate solution and copper 
metal. 

€) Silver nitrate solution reacts with copper metal to 
give silver metal and copper(I!) nitrate solution. 


Forming Conclusions 


9. Write a summary describing the observations that you 
made that indicate a chemical reaction has occurred for 
each type of reaction. 


Applying and Connecting 


10. Drying agents are used to keep humidity low by 
absorbing moisture from the air. For example, hearing 
aids are often stored at night in an airtight container that 
has a drying agent inside it. The drying agent must be 
regenerated when it has reached its water absorption 
limit. Use the results of this investigation to suggest a 
means for producing a drying agent that indicates when 
it has reached its absorption limit. 


Extending 


11. Based on your results, which is a more reactive metal: 


copper or silver? Explain. 
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Double Replacement Reactions In Example Problem A3.9, Pbl was one of the products. It is only 
slightly soluble. Another way to describe its solubility is to say that its solu- 
bility is low. Such substances do not dissolve very well. In chemical 
equations, they are shown as a solid (s) even if they are formed in the pres- 
ence of water, The other product in the last example is NaNO,,.... It is very 
soluble, and remains completely in solution unless most of the water is 
removed. Its solubility is high. When formed in water, it is shown in the 
chemical equation as aqueous (aq). 

Recall that the solubility table lists the combinations of ions that are 
slightly soluble and very soluble (see Table A2.13 on page 57 or Table C in 
Student Reference 12). Consult this table to determine the states of the 
products of replacement reactions. 


Double replacement reactions commonly occur between two ionic 
compounds. Ionic compounds are always solids at room temperature, so 
these reactions happen in solution (that is, dissolved in a liquid), where the 
ions have the opportunity to mix. This type of reaction often results in the 
formation of at least one precipitate. 

A general statement for a double replacement reaction is: 


AB + CD —9 AD + CB 


The ions in the first compound join with ions from the second 
compound. This is called a double replacement reaction because two new 
ionic compounds are formed. 

There are several facts to keep in mind as this double replacement occurs: 

* A and C are both positive ions. They will never pair up together 

because they repel each other. 

* AandC will always appear first in formulas because positive ions are 

always written first. 

* Band D are negative ions, so they will combine with any positive 

ions. They are always written second in formulas. 


Activity A11 


QuickLab 


Double Replacement Reactions 


Purpose a) sodium iodide solution and silver nitrate solution 
To observe the formation of precipitates, and write the b) iron(II!) chloride solution and sodium hydroxide 


Example Problem A3.9 chemical equations that represent the reactions solution 


Practice Problem 
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Write the word, skeleton, 
and balanced equations 
for the following 
reactions. 

a) When aqueous 
copper(I) nitrate and 
aqueous potassium 
bromide are mixed, a 
precipitate of solid 
copper(I) bromide 
forms. Another 
product also forms. 
When aqueous 
aluminium chloride 
and aqueous sodium 
hydroxide are mixed, 
à precipitate of solid 
aluminium hydroxide 
forms. Another 
product also forms. 


When aqueous lead(II) nitrate and 
aqueous sodium iodide are mixed, 
a bright yellow precipitate of solid 
lead(II) iodide forms (Figure A3.20). 
Another product also forms. It is 
aqueous. Write the balanced equa- 
tion for this double replacement 
reaction. 


1. Write the word equation: The 
question does not name the 
second product. However, 
every ionic compound has two 
parts to its name, Look at the 
reactants and switch the parts 
of their names around. 


Word equation: 
lead(Il) nitrate + sodium iodide — lead(II) iodide + sodium nitrate 


The yellow precipitate 
leadi{ll) iodide was widely used as a paint 
pigment in the past. Lead-based paints were 
popular, and today lead paint dust is a health 
hazard in very old homes. 


2. Write the skeleton equation: All these substances are ionic. Use the 
solubility table (Table C) in Student Reference 12 to determine that 
Pbl, is only slightly soluble. It appears in the equation as a solid. 


Skeleton equation: Pb(NO,),/,.) + Nal)... — Pbl,),. + NaNO,,,; 


3. Write the balanced equation: Remember—do not change any 
subscripts, Simply add coefficients. 


Balanced equation: Pb(NO,),/.,) + 2 Nal)... Pbl + 2 NNO, 
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— 
Materials and Equipment 
dropper bottles containing the following solutions: 
sodium iodide solution 
silver nitrate solution 
iron(II!) chloride solution 


sodium hydroxide solution 


sodium carbonate solution 
calcium chloride solution © 
5 test tubes 
test tube rack 


Procedure 
O Using a separate test tube for each reaction, combine 5 


drops of each of the following solutions. Check for the 
formation of a precipitate. If there is a precipitate, note 
its colour. If there is no precipitate, write NR (no reaction). 


c) sodium carbonate solution and calcium chloride 
solution 

d) sodium iodide solution and calcium chloride solution 

e) silver nitrate solution and sodium carbonate solution 


© Follow your teacher's instructions for disposing of all 


the substances you have used. 


Questions 


1. Which combinations above produced a precipitate? 
For each reaction that produced a precipitate, write a 
word equation and a skeleton equation. Then balance 
1he equation. 


Use the solubility table (Table C) in Student Reference 12 
to determine the solubility of the products in each reac- 
tion. Which are only slightly soluble? Which are very 
Soluble? 


Write the state symbol for each compound in each 
equation. All the reactants are very soluble, so they are 
all aqueous (ag). One product in each reaction is 
soluble, and the other is only slightly soluble, The 
slightly soluble product should be shown in the 
equation as solid (s). 
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FIGURE A3.21 Hoane 


CH . in part (c) of Example 
Problem A3.10, is one of the 
components of gasoline. 
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Predicting the Products of Chemical Reactions 


Now that you have become familiar with five simple types of chemical reac- 
tions, you have the foundation for predicting the outcome of thousands of 
chemical reactions. Each reaction type follows a pattern that is different from 
the others. An examination of the reactants usually makes it possible to 
predict the identity of the products. 

The first step in predicting what will happen in any reaction is to classify 
the reaction. Then, the products can be determined by following the pattern 
for that type. Table A3.3 summarizes the types of reactions. 


Lessee Summary of Types of Reactions 


Type of Reaction | Reactants | | Products | 
formation (synthesis) l A+B — AB 
decomposition | [AB — A+B | 
hydrocarbon combustion | CH «0, — CO, HO | 
single replacement I (Aisa metal) A+ BC — B+AC 

(Disanon-metal) D« BC —+ C+80 | 
double replacement AB+CD —> 0 08 | 


Note that there are many kinds of reactions that do not fit into the five cate- 
gories that you have just learned. There are even variations of these five types 
for which the products are difficult to predict. 


Example Problem A3.10 
Classify each of the following reaction types. Predict the names of the 
product(s), and write the skeleton equation. 

a) PbBr,, — 

b) Ni(NO,)s/qq) Na, 50% 

€) GH O, (assume plenty of oxygen is available during 

the reaction) 
d) copper + gold(III) chlorate — 


e) zinc + sulfur — 


a) PbBr,, —5 

* Classify the reaction: Since there is only one reactant, this must be 
a decomposition reaction. 

* Predict the names of the products: This compound contains the 
lead(IV) ion, Pb**, and the bromide ion, Br. It can be decomposed 
into the elements lead and bromine. 

* Write the skeleton equation: Lead metal is shown by its element 
symbol in the products because it is an atom and has no charge. 
Bromine is diatomic. 


Skeleton equation: PbBr,,., Pb) + Bray 
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b) 


c) 


d) 


e) 


Ni(NO;),,,,, + Na,S0,,,, — 

* Classify the reaction: Two ionic compounds mean this is a double 
replacement reaction. 

* Predict the names of the products: The nickel(III) ion, Ni^*, will 
combine with the sulfite ion, SO;^^, to make nickel(III) sulfite. 
Similarly, the sodium ion, Na*, will combine with the nitrate ion, 
NO, to make sodium nitrate. 

* Write the skeleton equation: 


Skeleton equation: Ni(NO,),,,.., + Na,SO,,,.) 
— Ni,{SO,),),, = NaN 


H. % + 07 — 

* Classify the reaction: The presence of a hydrocarbon with oxygen 
indicates that this is a hydrocarbon combustion reaction. 

* Predict the names of the products: Assuming that there is plenty of 
oxygen available during combustion, the products will be carbon 
dioxide and water vapour. 

* Write the skeleton equation: 


Skeleton equation: C,H, 4/7) + O;,, —* CO, + HOgy 


copper + gold(III) chlorate —> 

e Classify the reaction: An element reacting with a compound is 
characteristic of a single replacement reaction. 

predict the names of the products: The element is a metal, so it will 
replace the gold(IlI) ion, Au?*, The gold is an element in the prod- 
ucts, and since it is in the form of an atom, it will have no charge. 
The copper forms the Cu^* ion. This is the most common form of 
the ion (2+), so it appears first in the periodic table. The Cu ion 
exists in combination with the chlorate ion, CIO. to give the ionic 
compound copper(I) chlorate. 

* Write the skeleton equation: 


Skeleton equation: Cu,, Au(ClO;);.,,, —9 Cu(Cl0O;);, + Au; 


zinc + sulfur (assume that there is enough heat to start the 

reaction) 

* Classify the reaction: Both zinc and sulfur are elements. This 
must be a formation reaction, with only one product. 

o Predict the names of the products: Zinc is a metallic element 
and is shown in the reactants simply by its symbol, Zn. It has 
no charge in this form because it is an atom. Sulfur exists at 
room temperature as the molecule Sẹ, which is how it 
appears in the reactants. The product is the compound 
formed from the zinc ion, Zn^*, and the sulfide ion, S^, to 
give zinc sulfide. 

* Write the skeleton equation: 


Skeleton equation: Zn) + Sy Ense 


FIGUR Sultur and zinc 


combine in a formation reaction 
(part (e) of Example Problem A3.10). 


Practice Problem 


10. Classify each of the following 
reaction types. Predict the names 
of the product(s), and write the 
skeleton equation. 

a) CH yop) + Ong —9? (assume 


plenty of oxygen is available 
during the reaction) 
b) Ca(NO,);,, + Na;PO, 4,4 — 
c) calcium + silver nitrate — 
d) magnesium + oxygen —> 
e) AICL, — 
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Activity A12 


QuickLab 


Classifying Chemical Reactions 


Purpose 
To classify a variety of chemical reactions and write the 
Chemical equations that represent them 


Materials and Equipment 
aluminium foit 10-cm length of 


copper(!!) chloride Copper wire 

solution © © Bunsen burner or 

cobait(Il) chloride hot plate 
hexahydrate 4 test tubes 

test tube rack 

10-mL graduated 


p E OO 


calcium chloride cylinder 


solution tongs 


sodium carbonate balance 
solution 


Procedure 


@® Roll up a5 x 5 cm square of aluminium foil. Place 5 mL 
of copper(I!) chloride solution in a test tube, and drop 
the aluminium foil into it. Record your observations. 


e Place 1 g of cobalt(II) chloride hexahydrate in a test 
tube. Use tongs to heat the test tube over a Bunsen 
burner. If you do not have a Bunsen burner, place the 
cobalt(II) chloride hexahydrate on aluminium foil and 
heat on a hot plate. Record your observations. 


© Place 5 drops of silver nitrate solution in a test tube and 


add the copper metal. Record your observations. 


© Place 5 drops of calcium chloride solution in a test tube. 


Add 5 drops of sodium carbonate solution. Record your 
observations. 


© These solutions contain toxic metal ions. They require 


Questions 


1. 


special disposal procedures. Follow your teacher's 
instructions for disposing of all the substances you have 
used. 


Write a word equation and a balanced formula equation 
for the reaction of copper(I!) chloride solution with 
aluminium metal. Include state symbols. 


Classify the reaction involving cobalt(!l) chloride hexa- 
hydrate. Name one of the products of the reaction. What 
evidence was there that it was produced? 


Classify the reaction of silver nitrate and copper metal. 
Only one of the products was a solid. What was it? 


Classify the reaction involving calcium chloride and 
sodium carbonate. Write a word equation and a 
balanced formula equation for this reaction. Include 
State symbols. One of the products of the reaction is 
white. Indicate on the formula equation which one is 
white, 


Which two reaction types that you studied did not occur 
in this experiment? 


Example Problem A3.11 


A solution of copper(II) nitrate is placed in an aluminium pot for storage. 
Almost immediately this proves to be a mistake. A sudden colour change 
and an increase in temperature indicate that a chemical reaction is taking 
place. Explain what is happening by using a word equation, a skeleton 
equation, and a balanced equation. Include state symbols in the balanced 


equation. 
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1. Identify the reactants and classify the reaction: An element and a 
compound are reacting together so this is a single replacement 
reaction. The element is a metal, so it will replace copper in the 
compound. Copper metal will be produced. The aluminium metal 
will form the Al ion. This means the aluminium pot should look 
corroded. 


2. Write the word equation: 

Word equation: 

aluminium + copper(II) nitrate —> copper + aluminium nitrate 
3. Write the skeleton equation: 

Skeleton equation: Al). + Cu(NO,)./..) — Cu, + AIINO,) 09) 


Both aluminium metal and copper metal are solids at or near 
room temperature. The copper(II) nitrate was in solution so it is 
aqueous. In the solubility table (Table C) in Student Reference 12, 


you can see that all nitrates are very soluble, so there will not be any 


precipitate from this new compound. It is aqueous. 


4. Write the balanced equation: 


Balanced equation: 2 Al), + 3 Cu(NO,),/,.) —» 3 Cu, + 2 AINO) arag) 
We can conclude that the aluminium pot is corroding from the 
inside because of its reaction with the copper(II) nitrate solution. A 
pile of metallic copper powder should be sitting in the bottom of the 
pot. There is no pile of aluminium nitrate powder, because it is very 


soluble and remains in solution. Try plastic or glass next time! 


Practice Problems 


[SEARCH 


Most fertitizers contain 
ammonium (NH;) salts and 
nitrate (NO;) salts. 

These are synthesized from 
ammonia (N, „). Research 
the formation of ammonia 
from hydrogen and nitrogen 
using the Haber process. 
Begin your search at 


www.pearsoned.caf 
school/science10 


11. A lead(IV) nitrate solution is placed in a zinc pot for 
storage. A sudden colour change and an increase in 
temperature indicate that a chemical reaction is taking 
place. Explain what is happening by using a word 


equation, a skeleton equation, and a balanced equation. 
Include state symbols in the balanced equation. 


. A reaction occurs when silver metal is placed in a solution 
of gold(Iil) nitrate. Write a balanced equation. Include the 


state symbols. 
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Knowledge 


1. Classify each of the following reactions, and 


balance the equations. 
a) CaCL,, —» Ca, + C 
b) Mg(ClO,);;,, Na, Nac lO. % Mg 
c) NaN,,, —9 Na,,) + Nj 
d) Ca(NO3) 3409) + Cu: 80% 
C80. %% * CuNO,,,.) 
€) CH, + 0, — CO zig; + HOgy 
f) Li. C + Ca, — Li, + Ca,C,,, 
g) PbO,,, P + Ong 
h) CH, * Ox.) — 00.1% * Ho, 
i) Li C LiCl,, 
) Nal,,, + AIC — NaCl, + All.) 


. Classify each of the following reactions, and 


write balanced formula equations for them. 
a) sodium sulfate + calcium chloride —> 
sodium chloride calcium sulfate 
b) magnesium + nitrogen —> 
magnesium nitride 
c) strontium hydroxide + lead(II) bromide = 
strontium bromide + lead(II) hydroxide 
d) nickel(III) nitrate + calcium 
calcium nitrate + nickel 
€) methane + oxygen 
carbon dioxide + water 
f) sodium + oxygen sodium oxide 
g) nitrogen + hydrogen —» ammonia 
h) hydrogen chloride 
hydrogen + chlorine 
i) aluminium iodide + bromine —> 
aluminium bromide + iodine 
j) water + sodium 
sodium hydroxide + hydrogen 


. Classify each reaction, and write the formula 


of each product or products: 

a) Li O2 

b) CuCl,, — 

c) CuS0,,,; + Ali 

d) CBB. + PINO.) zia — 

e) CH oie) O2 

f ANON * KCl, — 
Nl, — 
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h) II. 8% + CL, — 
i) Al + $,,7 
) CygH 34/5) + Oxy) ] 


Applications 


4. Write the balanced equation for the 


formation of solid zinc nitride from its 
elements. 


. Write the balanced formula equation for the 


decomposition of mercury(II) oxide into its 
elements. 


. Write the balanced formula equation for the 


combustion of benzene. Benzene is a liquid 
hydrocarbon with the formula C,H,» 


. Liquid bromine is added to a solution of 


calcium iodide, and the mixture is stirred. A 
chemical reaction occurs that produces two 
products. Write the balanced equation. 


. When aqueous lead(II) nitrate is mixed with 


aqueous sodium iodide, a double 
replacement reaction occurs. Write the 
balanced formula equation for the reaction. 
Use the solubility table (Table C) in Student 
Reference 12 to determine the states of the 
products. 


Extensions 


10. 


An acid-base neutralization reaction is a 
specific example of one of the five reaction 
types that you have studied. Write the word 
and skeleton equations for the reaction of 
aqueous hydrochloric acid with sodium 
hydroxide. Then write the balanced formula 
equation. Decide which reaction type it 
resembles. Explain your reasoning. 


Carbohydrates burn in oxygen to produce the 
same products as a hydrocarbon combustion 
reaction does. Write the formula equation for 
the combustion of table sugar, C,,H,,0; 1p 
and balance the equation. 


./ The Mole 


Chemists deal with atoms and molecules all the time. and thev need to 
measure quantities of matter precisely. Balanced equations indicate the 
correct proportion of atoms and molecules to use in a reaction. Of course, 
chemists cannot measure materials by counting individual atoms or 
molecules. instead, they place large numbers of them into groups of a 
convenient size and then count the number of groups. 

We often group objects when counting them, both in chemistry and in 
everyday situations. The most common grouping quantity is the dozen. A 
dozen is a group of 12 objects. It makes no difference what the objects are. A 
dozen means 12 whether it is a dozen eggs, a dozen donuts, or a dozen pencils. 

Since atoms and molecules are very small, the quantity used to measure 
them needs to be a very large number. Like the dozen, this quantity never 
changes, but unlike the dozen, its value is very, very large. 


Avogadro's Number and the Mole 


The quantity that chemists use to measure elements and compounds is called 
the mole (symbol: mol). Like the dozen, the mole represents a number. The 
number of particles in 1 mol is called Avogadro's number (symbol: N,). 

To define the mole, chemists chose to work with an isotope of the 
element carbon: carbon-12. Carbon is a stable solid, so it is easy to work with, 
and it can be obtained in very pure form. 


Here's how a chemist defines a mole: 
1. Geta 12 g sample of carbon-12. The number of atoms in the sample 
is, by definition, exactly one mole (1 mol). Why use a 12-g sample? 
This way, the mass of one mole of any element will be the same or 
nearly the same as the mass number. 
2. Find a way to count how many carbon atoms are in the sample. The 
total number of carbon atoms in the sample gives Avogadro's number 
(V. Avogadro's number is the number of atoms in 1 mol of carbon 
atoms. This number is approximately 6.02 X 10”. 


The mole can be used to measure any kind of particle—atoms, 
ions, molecules, and formula units. It is possible to have a mole of 
iron atoms, a mole of water molecules, and a mole of sodium chlo- 
ride. They each contain the number of particles that is equal to 
Avogadro's number: 6.02 X 10”. 

Avogadro's number is to the mole what 12 is to the dozen. 
Sometimes, Avogadro's number is referred to as the "chemist's 
dozen." It is a very convenient amount of atoms to use in the lab, 
because 1 mol of most substances would just fill a small beaker. 
Figure A3.23 shows 1-mol amounts of five different elements. 

This is how Avogadro's number looks when written out in 
common notation: 


602 000 000 000 000 000 000 000 


infoBIT 


Mole day is celebrated on 
October 23 each year. It 
begins at 6:02 a.m. and ends 
at 6:02 f. . The numbers 
associated with these dates 
and times are derived from 


Avogadro's number, a 
constant known to all 
chemists in the world. Its 
value is approximately 
6.02 x 10°. 


think has the heaviest atoms? 
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6.02 x 10^ of atoms. Which element do you 
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Avogadro's number? One mole of 
popcorn kernels will cover all of 
Canada io a depth of 10 km 


Hjfoerr 


A sample of pure carbon 
contains a mixture of the 
isotopes carbon-12, 
carbon-13, and carbon-14. 
The atomic molar mass is an 
average of these masses. For 
carbon, the atomic molar 
mass is very close to 12.00 
because 99% of carbon on 
Earth is composed of 
carbon-12. 


Practice Problems 


13. What is the molar mass 
of CH,OH,? 


14. What is the molar mass 


of Na. S0. % 


15. What is the molar mass 
of CO 


16. What is the molar mass 
of NH PO 


Avogadro's number was named in honour of Amedeo Avogadro, an 
Italian scientist (1776-1856). Avogadro himself did not identify this 
number. [t was named after him to honour his many contributions to 
chemistry. For example, he was the first to predict that oxygen was 
diatomic. 


Molar Mass 


The mass of one mole of a substance is called its molar mass. 
Experiments have been performed to find the mass of one mole of each of 
the elements, These have been recorded in the periodic table under the 
name atomic molar mass. The atomic molar mass of an element is the 
average mass in grams of one mole of atoms of that element. For 
example, in the periodic table in Figure A3.25, the molar mass of carbon 
is 12.01 g/mol. 

You can use the atomic molar mass information from the periodic 
table to find the molar mass of any substance if you know its chemical 
formula. Recall that the molar mass of a substance is the mass of one 
mole of that substance. Example Problem A3.12 shows how to calculate 
molar mass of a compound. 


Example Problem A3.12 ; 


What is the molar mass of methane? 
The formula of methane is CH. 
carbon atom and four hydrogen atoms. 


1.01g/mol X4 = 4.04 g/mol 


so one molecule contains one 


atomic molar mass of H 


+ atomic molar mass of C = 12.01 g/mol X 1 = 12.01 g/mol 
= molar mass of CH i M = 16.05 g/mol 


The molar mass of methane is 16.05 g/mol. 


The number of moles of a substance is related to its molar mass by 
the following equation: 

m-nxM 

where 

m is the quantity of matter (mass) in grams, 

nis the quantity of matter in moles, and 

M is the molar mass. 


Although this formula can be manipulated to convert between mass 
and moles, it is very common to use another method called the factor- 
label method. 


The Factor-Label Method of Converting between 
Quantities 

The factor-label method is a simple technique for converting between the 
number of moles of a substance and its mass. This method is based on 
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the idea that different units can represent the same quantity of matter. For 
example, from the periodic table we know that 1 mol of carbon has à 
mass of 12.01 g. Both 1 mol of carbon and 12.01 g of carbon represent the 
same amount of carbon. From this equivalence we can write: 


1molC- 12.01g C 
Because 1 mol C is equal to 12.01 g C, their ratio has a value of 1; that is, 


1molC 
1201 80 


This fraction is called a "factor" and the units are the labels.“ It can also 
be written as: 


1200188 1 
1molC — 


Suppose we want to find the mass of 3.000 moles of carbon. This is a 
moles-to-mass conversion, so we choose the factor that has “mole” in the 
denominator so it will cancel out the “mol” in the 3.000 mol. 


m, = 3.000 mof cra 


= 36.03 gC 


Using the factor-label method, all the units will cancel except the one we 
want in the answer. 


Example Problem A3.13 
How many moles of silicon are in a 56.18-g sample? 


Using the atomic molar mass of Si 1 mol = 28.09 g 


^ 1 mol 
The factor is 28.09 f 
1 mol 
Therefore ng, 56.16 g X eS 
= 2.000 mol 


There are 2.000 mol of silicon in a 56.18-g sample. 


The periodic table 
shows the mass, in grams, of one mole 
of each of these elements, 


Practice Problems 


Example Problem A3.14 17. 


What is the mass of 10.0 mol of water? 
The molar mass of H,O;} is 18.02 g/mol 


so 1 mol = 18.02 g 
18.02 g 
The factor is Toal 
18.02 
Therefore My. 7100 mol x S 
-180g 


The mass of 10.0 mol of water is 180 g. 


What is the mass of 5.0 mol 
of NaOH,,? 


18. How many moles are in 
360 g of glucose, CH. Of 


19. What is the mass of 5.00 mol 


of N, 


20. How many moles are in a 


20.0-g sample of magnesium 
nitrate? 
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Inquiry Lab 


Moles of Copper and Iron 


The Question 

Is there a relationship between the number of moles of iron 
that are consumed and the number of moles of copper that 
are produced when iron nails react with copper iij chloride? 
The Hypothesis 

If copper(ll) chloride and iron react, then they will do so 
according to a precise mole ratio. 

Variables 

Identify the manipulated, responding, and controlled 


variables in this inquiry. 
Materials and Equipment 
2 iron nails (not galvanized and not stainless) 


copperíll) chloride 
2 100-mL beakers 


tongs 
drying oven 
Paper towels 
balance 


Procedure 


@ Measure and record the mass of a clean, dry 100-mL 
beaker. To get good results in this experiment, it is 
particularly important to measure all masses to as 
many decima! places as the balance will permit. 

@ Add about 5 g of copper(il) chloride to the beaker. 
Record the mass of copper(I!) chloride. 


© Add about 80 mL of water to the beaker. The actual 


amount added is not critical and need not be recorded. 


© Put both iron nails on the balance at the same time. 
Record their total mass. 
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Required Skilis 

= Initiating and Planning 

© Performing and Recording 

* Analyzing and Interpreting 

* Communication and Teamwork 


4. Calculate the number of moles of copper that formed, 
based on the mass of copper that was produced. 


5. Divide the number of moles of iron by the number of 
moles of copper, and round off to the nearest whole 
number. This number gives the ratio of moles of iron 
reacted to moles of copper produced. 


6. Compare your result with the results of other students 
in the class. 


© Use one of the nails to stir the copper(Il) chloride solu- 
tion, then place both nails in the solution. The ends of 
the nails should stick out of the solution so you can pick 
the nails up again easily. After about 1 minute, lift one of ^ 
the nails partly out of the solution and examine it. 
Record the colour. Place the nail back in the solution, 
and let it react for at least 30 minutes. 


Alter waiting for at least 30 minutes, pick up the nails by 
the ends that are sticking out of solution. Clean them by 
scraping them together over the beaker. Make sure any 
copper falls into the beaker. 


(Q Dry the nails with paper towels. Measure and record 
their total mass. 


© Wait about 2 minutes. Then carefully decant (pour off) 
the liquid in the beaker. The purpose of this step is to 
leave the copper residue at the bottom of the first 
beaker. 


© Wash the copper by adding water to the beaker until the 
beaker is almost full. Then decant it, leaving the copper 
in the beaker. Repeat this several times. 


D Place the beaker containing the copper in a drying oven 
for at least 30 minutes or overnight. 


of Mass 


D. Measure and record the mass of the copper and the equation for this reaction is: 


beaker together. 


@ Follow your teacher's instructions for disposing of all 
the substances you have used. 


sodium + oxygen — sodium oxide 


The balanced equation for this reaction is: 


3Na, + 0,4—3 2 Na)0,, 
Analyzing and Interpreting 


1. Subtract the mass of the nails after the reaction from 
the mass of the nails before the reaction. This gives the 
mass of the iron that reacted. 


2. Subtract the mass of the beaker from the mass of the 
beaker and the dried copper. This gives the mass of the 
copper that was produced. 


3. Calculate the number of moles of iron that reacted, 
based on the mass of iron that reacted. 


You can read the balanced equation as: 


You can read this same equation as: 


moles. 


The Mole Concept and the Law of Conservation 


Recall that the law of conservation of mass states that, in any reaction, the 
total mass of the reactants equals the total mass of the products. In balancing 
chemical equations, you applied this law. You made sure that the total 
number of atoms of each element in the reactants was equal to the total 
number of atoms of that same element in the products. You did this by 
placing coefficients in front of the element symbols and chemical formulas. 
When chemists read equations that have been balanced, they often read the 
coefficients as moles. One reason is that you can see a mole of something, 
while it is impossible to see an atom of something. Another reason is that 
chemists use the mole to measure out chemicals. For example, consider the 
reaction of sodium metal with oxygen gas in a formation reaction. The word 


Forming Conclusions 


7. Using your result and the results of other students in 
the class, state your conclusion about whether there is 
a relationship between the number of moles of iron that 
are consumed and the number of moles of copper that 
are produced. 


© [ESEARCH 


: Find out more about 

Amedeo Avogadro 

= (1776-1856). What was his 

main contribution to 

chemistry? Find out how he 

came to distinguish between 

> Dalton's idea of the atom 
and a new concept called a 

: molecule. How did this lead 

: Avogadro to predict that 

t oxygen gas was diatomic? 

: Begin your search at 

] www.pearsoned cal 

school/science 10 


4 atoms Na; + 1 molecule O, —9 2 molecules Na,O,,, 


4 moles of Na, + 1 mole of O,,,,— 2 moles of Na,O,,; 


A chemical equation is like a recipe where the quantities are measured in 
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Check and Reflect 


Knowledge 
1. How many particles are in one mole? 


2. Which element was chosen as the standard 
for defining the mole? How many grams of 
this element are equal to one mole? 


3. What is meant by the term "molar mass"? 


4. What is the name given to the number of 
particles in one mole of substance? What is 
the symbol for this number? 


Applications 


5. How many atoms or molecules are present in 
each of the following? 
a) 1.0 mol of Auf atoms 
b) 2.5 mol of Hey, atoms 
c) 10.0 mol of Hy molecules 
d) 0.628 mol of CO molecules 


6. How many moles are present in each of the 
following? 
a) 28g of sodium 
b) 28g of iron 
c) 150g of zinc 
d) 100.0 g of NaCl, 
e) 26.0 g of Nu 


7. What is the mass of each sample? 
8) 1.0 mol of nickel atoms 
b) 1.0 mol of carbon dioxide molecules 
€) 5.0 mol of water 
d) 36.8 mol of MgCl,,,, 
e) 0.00127 mol of ALS,,., 
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8. In your notebook, complete equations a), b), 
and c). They are all related to the following 
formula equation: 


SHy + Nave) — 2NHy, 
a) 3 mol + — 2 mol 
b) * 28g — 34g 


c) 1.83 x 10% + 6.02 x 107 —> 
molecules molecules ~ 


Extensions 


9. What is the mass of 3.01 x 10?* atoms of 
copper? 
10. How many molecules of water are in 1000 g 
of water? 


11. How many oxygen atoms are in 64 g of 
oxvgen gas? á 


12. Which contains more atoms: a mole of iron 
or a mole of oxygen gas? Explain. 


13. Write the balanced equation for the 
combustion reaction involving methane. 
Assume 15 mol of methane burned in the 
reaction. Predict how many moles of water 
would be produced. 


Knowledge 


1. Explain what is meant by the term “chemical 
reaction." List three characteristics common to 
all reactions. 


2. List five different indications that a chemical 
reaction is taking place. 


3. Many chemical reactions produce one or more 
gases. Give one example of a gas-producing 
reaction used in each of the following 
applications: 

a) household 
b) commercial 

4. Use the following balanced chemical equation to 

answer the questions below: 


4 Na, + Ozge 2 Na), 


a) What state symbols are present and what are 
their meanings? 

b) What coefficients are present and what are 
their meanings? 

c) Name the reactant(s) and the product(s). 

d) How do you know that this equation was 
properly balanced? 

5. List five classes of chemical reactions. Write a 
general equation for each. 


6. What is the value of Avogadro's number? 
7. What is a mole? 


8. What is meant by the term "atomic molar 
mass"? 
9. How many moles are present in each of the 
following? 
a) 36.03 g of carbon 
b) 1000 g of H,O 
c) 50.0 g of CaCO,,,, 
d) 22.61 g of NH. NO 
e) 0.795 g of aluminium hydroxide 


10. What is the mass of each sample below? 
a) 1.00 mol of gold atoms 
b) 5.6 mol of Cu; atoms 
c) 100 mol of Ha molecules 
d) 0.918 mol of NaOH,,, 
e) 3.00 mol of magnesium acetate 


Applications 


11. Some single and double replacement reactions 
produce a precipitate. Weather forecasters also 
speak of the chance of precipitation occurring. 
Explain how the term "precipitation" actually 
has similar meaning in both cases. 


12. Write the following sentences as balanced 
formula equations. 

a) Liquid bromine plus solid aluminium 
produces solid aluminium bromide. 

b) Solid ammonium carbonate plus aqueous 
calcium nitrate produces aqueous 
ammonium nitrate and solid calcium 
carbonate. 

c) Solid sodium hydroxide plus aqueous 
hydrochloric acid produces aqueous sodium 
chloride and liquid water. 


13. Classify each of the following reactions, and 
balance the equations. 
a) KBrO, — KBr O 
b) C,H,, + Oj— CO; + HO pe 
c) Aud %% Pb, PCI Auf, 
d) K. + Nj KN, 
e) Sn(NO;),,,, + CalOH) 5, — 
Ca(NO,),,.., + Sn(OH),;; 


14. Classify the following reactions. Then complete 
the equations and balance them. 
a) Fg C 
b) CL, + NiBry,—* 
€) CH yo) + O47 
d) KBr,, — 
e) AIF, * Na, PO. 


15. Suppose that it was proposed that the law of 
conservation of mass be renamed the law of 
conservation of atoms. Explain why this new 
name would or would not correctly describe the 
processes that happen in a chemical reaction. 


16. What is the mass of 1.204 X 10” atoms of 
sodium? 


17. How many molecules of carbon dioxide are 
there in 66.0 g of CO,,,? 
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Air Quality 


The growth of industry and urbanization, combined with social 
and political events, has had many impacts on air quality. A 
number of pivotal events have resulted in legislation to prevent 
recurrences. Some of these events have happened over a long 
period. Others happened suddenly with dramatic and tragic 
consequences. Environmental legislation sometimes imposes 
standards that are technically impossible at the time that the 
legislation is introduced. To comply with the legislation, compa- 
nies must develop new technologies. In this way, legislation can 
protect people's health and the environment and drive research 
and development. 


Scenario 

You are a member of a government committee responsible for 
advising on legislation for air quality. However, time is limited. 
Legislation can be written only in one area in the following year, 
SO your committee can recommend only one area to focus on. To 
help decide on a priority area, your committee will examine 
events in transportation, industrial accidents, disaster response, 
and indoor air quality. Examples from each area are summarized 
below. 


A) Transportation 
Roughly one-half of the air pollution in Canada comes from 
transportation. Cars and other motor vehicles release the 
pollutants that include carbon monoxide, hydrocarbons, 
nitrogen oxides, lead, and particulate matter. 

B) Industrial Accidents 
Wherever chemicals are used or produced in large quanti- 
ties, there is a potential for major industrial accidents. In 
Bhopal, india, a disaster occurred in December 1984 when 
a toxic chemical called methyl isocyanate gas was released 
from the Union Carbide plant located in the middie of the 
city. The massive leak resulted in the deaths of thousands of 
residents and in the permanent disability of tens of 
thousands of people. 


C) Disaster Response 
The twin towers of the World Trade Center in New York City 
were destroyed in a terrorist attack on September 11, 2001. 
Heroic efforts of emergency personne! were hampered by 
toxic fumes and dust from the burning and crumbling mate- 
rials used to construct these buildings. Rescue workers 
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were exposed to massive doses of particulates and chemi- 
cals, resulting in respiratory illness and exposure to 
cancer-causing chemicals. Existing protective devices either 
were not available or were ineffective. 


D) Indoor Air Quality 
Asthma rates and respiratory illness may have less to do 
with the air we breathe out of doors and more to do with 
indoor air quality. Secondhand smoke, poor ventilation, and 
materials used to build and furnish our living spaces affect 
indoor air quality. The poor quality of indoor air can affect 
our health because of the amount of time we spend inside 
buildings. 


Research the Issue 
Research the issue by referring to the following resources: 


1. Look at the Web. Check the Internet for information on the 
occurrence you choose to investigate. Search for legislation 
that may have been written as a direct response to these 
occurrences. 


2. Ask the experts. Contact community groups that have 
formed in response to any of these issues. Contact compa- 
nies or agencies that have been directly involved with these 
events. 


3. Look in magazines, newspapers, or books for information on 
the social impacts of, and responses to, these occurrences. 


Analyze the Issue 


4. Summarize the information you have found into a short 
report or electronic presentation. Include your recommen- 
dation to the committee on which area of air quality control 
requires new legislation. Briefly outline what the legislation 
Should cover. Be sure to connect the need for the legislation 
to the importance of the issue in your particular community 
in the next several years. Also, consider whether the legista- 
tion should be enacted at the community, provincial, or 
federal level to have the greatest impact. 


Address the Issue 


5. Present your findings and conclusions to your classmates 
in a convincing presentation. 


Classifying Chemical Reactions Involving 
Magnesium 


In this activity, you will perform and observe tests to distinguish 
between several types of chemical reactions. By carefully noting 
the reactants and observing the chemical changes, you will be 
able to classify them. You will also write balanced equations for 
these reactions. : 


Criteria for Success 
* You must be able to distinguish between the types of 
chemical reactions. 


* You must provide written observations and balanced 
formula equations showing states for each reaction. 


2 
Materials and Equipment 
2 2-cm magnesium 
— 5 
moll hydrochloric @ 
acid 
magnesium sulfate © 
sodium carbonate 
magnesium carbonate 
aluminium foil 
4 test tubes 
10-mL graduated cylinder 
water 
2 test tube stoppers 


Procedure 


@ Pour 5 mL of 1 mol/L hydrochloric acid into a test tube. 
Drop in a piece of magnesium ribbon. Add a second piece 
S0 you can see the reaction again. Record your observations. 


O Place about 1 g of magnesium sulfate in a test tube and add 
about 5 mL of water. Stopper the test tube and shake it to 
dissolve the magnesium sulfate. 


© Place about 1 g of sodium carbonate in a test tube and add 
about 5 mL of water. Stopper the test tube and shake it in 
order to dissolve the sodium carbonate. 


© Mix the magnesium sulfate solution and sodium carbonate 
solution together. Record your observations. 


© Place magnesium carbonate on a sheet of aluminium foil 
and heat it on a hot plate. Record any observed changes in 
the magnesium carbonate. 


Analysis 


1. When magnesium reacts with hydrochloric acid, the 
hydrogen in the hydrochloric acid behaves chemically e a 
metal. What type of reaction is this? Write word and 
formula equations for this reaction. 


2. When magnesium sulfate and sodium carbonate solutions 
mix, a white precipitate is observed, What is the identity of 
this precipitate? What type of reaction is this? Write word 
and formula equations for this reaction. 

3. When the magnesium carbonate is heated on aluminium 
foil, the only reactant is magnesium carbonate. One of the 
products is carbon dioxide gas. The other product is also an 
oxide. What type of reaction is this? Write word and formula 
equations for this reaction. 


Reporting 


4. Write a summary report that contains your observations 
and the word and balanced chemical equations for each 
reaction. 


Project 11$ 


aD The understanding that particles make up the 
underlying structure of matter has led to 
advancements in technology. 


Key Concepts 

* WHMIS and safe practices 

* evidence of chemical change 

* how chemical substances meet human needs 


Learnings 

* Knowing how to interpret WHMIS symbols, other hazard 

symbols, and Material Safety Data Sheets is essential for 

lab safety. 

Chemical change occurs when a substance or 

substances react to create a different substance or 

substances in a chemical reaction. These products have 

completely dilferent properties from the reactants 

e Human understanding of matter developed gradually as 
people learned to manipulate matter. 

* The Greek philosopher Aristotle stated that matter was 

made up of earth, air, fire, and water. 

Aristotle's ideas were used for 2000 years, until John 

Daiton and other early scientists inferred the existence of 

atoms from experiments. 

* Further investigation by scientists such as J. J. Thomson, 
Ernest Rutherford, and Neils Bohr gradually brought us to 
Dur current understanding of the atom 


[A2.0) Elements combine to form many substances, 
each with its own set of properties. 


Key Concepts 

* how chemical substances meet human needs 

* International Union of Pure and Applied Chemistry 
(IUPAC) nomenclature, ionic and molecular compounds. 
acids and bases 


Learnings 

* Elements are substances made up of only one type of 
atom. There are 90 naturally occurring elements, and 
approximately 25 synthetic ones. 

* Most elements are metals, Only 17 elements are non- 

metals. The remaining elements are called metalloids. 

The periodic table is an organized display of information 

about the elements. Rows are called periods, and 

columns are called groups or families. Elements in 

families tend to have similar properties 

* An atom is made up of a nucleus containing protons and 

neutrons and surrounded by electrons. Protons are posi- 

tively charged; electrons are negatively charged; and 

neutrons have no charge. 

Electrons in the atom occupy specific energy levels 

around the nucleus, which can be empty, partly full, or full 


Atoms of the same element containing different numbers 

of neutrons are called isotopes. Each isotope is assigned 

a mass number that equals the total number of neutrons 

and protons in its nucleus. 

An atom that loses or gains electrons has either a positive 

or a negative charge. It is called an ion 

e The International Union of Pure and Applied Chemistry 

(IUPAC) is responsible for the rules governing how 

chemical compounds are named 

lonic compounds form when electrons transfer from one 

atom to another to form an ionic bond. An ionic compound 

always contains a positive metal ion called a cation and a 

negative non-metal ion called an anion 

Molecular compounds form when non-metallic atoms 

combine by sharing électrons to form a covalent bond 

* An acid is a compound that dissolves in water to form a 
solution with a pH lower than 7. A base is one with a pH 
higher than 7. The pH is a measure of the number of 
hydrogen ions in solution. 

* Our society uses many potentially harmful chemicals. 

Their manufacture, use, and disposal must be carefully 

controlled and monitored. 


c» Chemical change is a process that involves 
recombining atoms and energy flows. 


Key Concepts 

e how chemical substances meet human needs 

* evidence of chemical change 

* role and need for classification of chemical change 
* writing and balancing equations 

* law of conservation of mass 

* the mole concept 


Learnings 

* Chemical changes are always accompanied by energy 
flows 

* Exothermic reactions release energy. Endothermic 
reactions absorb energy. 

* The law of conservation of mass states that in a chemical 
reaction, the total mass of all the products equals the total 
mass of all the reactants. 

* Five common types of chemical reactions are: formation, 

decomposition, hydrocarbon combustion, single replace- 

ment, and double replacement. 

Chemists use a quantity called the mole (symbol: mol) to 

measure elements and compounds. A mole contains the 

number of particles equivalent to Avogadro's number: 

6.02 x 10 A mole is just a measure of quantity: it can be 

used to measure the number of atoms, molecules, ions, or 

any other item. The mass of 1 mol of any substance is 
called its molar mass. 


Vocabulary 


1. Create à concept map with the word "matter" at 
the centre that links all the terms in the list 
below. 
acid 
atomic number 
base 
compound 
electron 
element 
energy level 
endothermic 
exothermic 
group 
ion 
isotope 
law of conservation of mass 
molecule 
neutron 
nucleus 
period 
pH scale 
proton 
valence electron 


Knowledge 


2. Where are the fire extinguishers, the fire alarms, 
and the fire exits in your science class? 


3. How does heating or freezing food each help to 
preserve it? 


4. What are some of the practical advantages of 
copper over gold? 

5. How did the Inuit obtain copper, and what did 
they use it for? 

6. What is the difference between copper and 
bronze? 


7. J. J. Thomson discovered a subatomic particle. 
What was it and how did he include it in his 
model of the atom? 


8. State the law of conservation of mass. 


9. What part of the atom did Rutherford discover? 
How did he include it in his model of the atom? 


10. Name five groups in the periodic table and 
indicate where they appear in it. Which groups 
contain metals, and which ones contain 
non-metals? 


11. Distinguish between the terms "period" and 
"family" as they apply to the periodic table. 


12. How are mass number and atomic number of an 
element related? 


13. Distinguish between cations and anions. 


14. Complete the following table in your notebook. 
Use the periodic table (Table A) in Student 
Reference 12, as needed, to fill in the number of 
protons or the name of the element. 


bromine 


bromine 


15. Use the periodic table (Table A) in Student 
Reference 12 to complete the following table in 
your notebook. 


Atom 
or lon 


sulfur atom 


sulfide ion 
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qo The understanding that particles make up the 
underlying structure of matter has led to 
advancements in technology. 


Key Concepts 

* WHMIS and safe practices 

* evidence of chemical change 

* how chemical substances meet human needs 


Learnings 

* Knowing how to interpret WHMIS symbols, other hazard 

symbols, and Material Safety Data Sheets is essential for 

lab safety. 

Chemical change occurs when a substance or 

substances react to create a different substance or 

Substances in a chemical reaction. These products have 

completely different properties from the reactants 

* Human understanding of matter developed gradually as 
people learned to manipulate matter. 

* The Greek philosopher Aristotle stated that matter was 

made up of earth, air, fire, and water. 

Aristotle's ideas were used for 2000 years, until John 

Dalton and other early scientists inferred the existence of 

atoms from experiments 

* Further investigation by scientists such as J. J. Thomson, 
Ernest Rutherford, and Neils Bohr gradually brought us to 
pur current understanding of the atom. 


qo Elements combine to form many substances, 
each with its awn set of properties. 


Key Concepts 

* how chemical substances meet human needs 

* International Union of Pure and Applied Chemistry 
(IUPAC) nomenclature, ionic and molecular compounds. 
acids and bases 


Learnings 

* Elements are substances made up of only one type of 
atom. There are 90 naturally occurring elements, and 
approximately 25 synthetic ones. 

* Most elements are metals. Only 17 elements are non- 
metais. The remaining elements are called metalloids. 

* The periodic table is an organized display of information 
about the elements. Rows are called periods, and 
columns are called groups or families. Elements in 
families tend to have similar properties. 

* Anatom is made up of a nucleus containing protons and 

neutrons and surrounded by electrons. Protons are posi- 

tively charged; electrons are negatively charged; and 
neutrons have no charge. 

Electrons in the atom occupy specific energy levels 

around the nucleus, which can be empty, partly full, or full 


* Atoms of the same element containing different numbers 
of neutrons are called isotopes. Each isotope is assigned 
a mass number that equals the total number of neutrons 
and protons in its nucleus. 

An atom that loses or gains electrons has either a positive 
or a negative charge. It is called an ion 

The International Union of Pure and Applied Chemistry 
(IUPAC) is responsible for the rules governing how 
chemical compounds are named. 

lonic compounds form when electrons transfer from one 
atom to another to form àn ionic bond. An ionic compound 
always contains a positive metal ion called a cation and à 
negative non-metal ion called an anion. 

Molecular compounds form when non-metallic atoms 
combine by sharing électrons to form a covalent bond 

* An acid is a compound that dissolves in water to form a 
solution with a pH lower than 7. A base is one with a pH 
higher than 7. The pH is a measure of the number of 
hydrogen ions in solution 

Our society uses many potentially harmful chemicals. 
Their manufacture, use, and disposal must be carefully 
controlled and monitored. 


[A3.0] Chemical change is a process that involves 
recombining atoms and energy flows. 


Key Concepts 

* how chemical substances meet human needs 

* evidence of chemical change 

* role and need for classification of chemical change 
* writing and balancing equations 

* law of conservation of mass 

* the mole concept 


Learnings 

* Chemical changes are always accompanied by energy 
flows. 

Exothermic reactions release energy. Endothermic 
reactions absorb energy. 

* The law of conservation of mass states that in a chemical 
reaction, the total mass of all the products equals the total 
mass of all the reactants. 

Five common types of chemical reactions are: formation, 
decomposition, hydrocarbon combustion, single replace- 
ment, and double replacement. 

Chemists use a quantity called the mole (symbol: mal) to 
measure elements and compounds. A mole contains the 
number of particles equivalent to Avogadro's number: 
6.02 x 10%. A mole is just a measure of quantity: it can be 
used to measure the number of atoms, molecules, ions, or 
any other item, The mass of 1 mol of any substance is 
called its molar mass. 


. 


Vocabulary 


1. Create a concept map with the word “matter” at 
the centre that links all the terms in the list 
below, 
acid 
atomic number 
base 
compound 
electron 
element 
energy level 
endothermic 
exothermic 
group 
ion 
isotope 
law of conservation of mass 
molecule 
neutron 
nucleus 
period 
pH scale 
proton 
valence electron 


Knowledge 


2. Where are the fire extinguishers, the fire alarms, 
and the fire exits in your science class? 


3. How does heating or freezing food each help to 
preserve it? 

4. What are some of the practical advantages of 
copper over gold? 

5. How did the Inuit obtain copper, and what did 
they use it for? 


6. What is the difference between copper and 
bronze? 


7. J. |. Thomson discovered a subatomic particle. 
What was it and how did he include it in his 
model of the atom? 


8. State the law of conservation of mass. 


9. What part of the atom did Rutherford discover? 
How did he include it in his model of the atom? 


10. Name five groups in the periodic table and 
indicate where they appear in it. Which groups 
contain metals, and which ones contain 
non-metals? 


11. Distinguish between the terms “period” and 
family“ as they apply to the periodic table. 

12. How are mass number and atomic number of an 
element related? 


13. Distinguish between cations and anions. 


14. Complete the following table in your notebook. 
Use the periodic table (Table A) in Student 
Reference 12, as needed, to fill in the number of 
protons or the name of the element. 


15. Use the periodic table (Table A) in Student 
Reference 12 to complete the following table in 
your notebook. 


Atom Overall 
or lon 


16. Using the solubility table (Table C) in Student 
Reference 12, state whether the following are 
slightly soluble or very soluble: 

a) Na,SO, 
b)NH,Cl 
c) Pbl, 
d)SrSO, 
e) MgS 

1) K,PO, 

17. A pH measurement indicates whether a solution 
at 25°C is acidic, basic, or neutral. What values 
on the pH scale correspond to these types of 
solutions? 


18. List three chemical properties that are unique to 
acidic solutions, and three properties that are 
unique to basic solutions. 


19. Why is the IUPAC system of naming chemical 
compounds important? 


20. List three high-risk activities associated with the 
misuse of alcohol. 


71. Distinguish between a chemical reaction and a 
chemical equation. 


22. Balance each of the following equations: 
a) CL; + KBri,, —95 KCl; + Bran 
b) Lij* 044—235 Li,O;,) 
€) CHa + O3, — H0; + CO; 
d) Na, + Na Na; N., 
e) (NH,),PO,/,,) + Ca(NO;); 4, — 
NI NO, + Ca(PO ajs) 
D) CaCO,,, = CO, 


(oq 


23. For each of the following equations, identify 
which reaction type it represents: formation, 
decomposition, hydrocarbon combustion, single 
replacement, or double replacement. 

a) methane + oxygen —> 
carbon dioxide 4 water 
b) strontium + nitrogen — strontium nitride 
c) aluminium bromide + fluorine — 
aluminium fluoride + bromine 
d) calcium chloride ——9 calcium + chlorine 


e) magnesium iodide + sodium carbonate —> 
magnesium carbonate + sodium iodide 
f) silver nitrate + aluminium chloride 
aluminium nitrate + silver chloride 


Applications 


24. List five of the most important safety rules for 
your science class. `~ 


25. What safety hazard symbols would you expect 
to see on the following containers? What 
WHMIS symbols would you expect to see on 
each? s 
a) a bottle of bleach 
b) a can of gasoline 
c) a can of spray paint 
d) a bottle of helium gas 
e) a bottle of hydrochloric acid 


26. Improvements in technology sometimes increase 
our ability to both wage war and to prosper in 
peace. Explain this idea using metallurgy 
advancements as an example. 


27. What is the octet rule? How is it related to the 
filling of energy levels? 


28. Draw diagrams to show the electron 
arrangements in: 
a) a calcium atom 
b) a calcium ion 


29. Choose the correct words to complete the 
following statements: 

a) When metals become ions, they (gain / lose] 
electrons in order to become 
(positively/negatively) charged. 

b) When non-metals become ions, they gain 
(protons/electrons) in order to become 
(anions/cations). 


30, Explain the meaning of the term “ion charge,” 
using the iron(II) and iron(II) ions as examples. 


31. Explain the term "electrolyte." Why do ionic 
compounds dissolve to form electrolytes but 
most molecular compounds do not? 


32. Many molecular compounds melt below 200°C, 
while almost all ionic compounds melt above 
200*C. Why? 


33. Write formulas for the following ionic 
compounds: 
a) lithium chloride 
b) barium nitride 
C) zinc oxide 
d) silver carbonate 
e) calcium nitrite 
f) rubidium hydrogensulfate 
g) cadmium phosphate 
h) cobalt(III) hydroxide 
i) copper(I!) permanganate 
j| chromium(III) oxide 
K) iron(III) chlorate 


34. Write names for the following ionic compounds: 


a) Na,P,,, 

b) MS, 

c) BeCl,,,) 

d) (NH,),S;,) 
e) CSN 

1) Znl,,,) 

B) FeF,,,) 

h) Fe(HS),., 

i) AuNO;;; 

j) Pb(MnO,),;., 
k) NaCH,COO,,, 


35. Write formulas for the following molecular 
compounds: 
a) dinitrogen monosulfide 
b) sulfur dibromide 
c) chlorine monofluoride 
d) hydrogen sulfide 
e) methane 
f) phosphorus pentachloride 


36. 


37. 


38. 


39. 


41. 


43. 


Write names for the following molecular 
compounds: 

a) PLO.) 

b) NO, 

c) NCL,., 

d) XeF ys 

e) H Oz 

i) NH 


Explain how the polarity of water results in 
cations and anions surrounding it in special 
ways, 


Use the solubility table (Table C) in Student 
Reference 12 to help you answer these 
questions. For each of the following solutions, 
state whether adding OH to it would result in 
the formation of no precipitate, one precipitate, 
or two precipitates. Identify any precipitates. 
a) a solution of CSNO 4/55) and Fe(NO}) fa) 

b) a solution of CN and S HNO ae 

c) a solution of AgNO,,,.,, and Cd(NO;);/,,; 


A solution of hydrochloric acid has a pH of 1.0. 
It is mixed with a small amount of solid sodium 
hydroxide. After mixing, the pH of the solution 
is 3.0. Has the solution become more acidic or 
less acidic? Explain. 


. How can you recognize acids and bases by their 


formulas? 


In what ways are alcohol and nicotine similar? 


. Give an example of a regulated substance used 


in industry. What kinds of regulations may be 
set in place governing its use? 


Provide two examples where a chemical 
reaction and its reverse both occur: one in living 
systems and one in non-living systems. 


A chemical reaction occurs inside a beaker. As 


the reaction progresses, the beaker becomes 
warmer. Is the reaction endothermic or 
exothermic? Explain your answer. 


. Explain the difference between a chemical 


change and a physical change. 


46. 


47. 


48. 


49. 


50. 


Write balanced formula equations for the 

following reactions. Include state symbols: 

a) solid iodine reacts with liquid mercury to 
produce solid mercury(II) iodide 

b) aqueous potassium phosphate reacts with 
aqueous strontium hydroxide to produce 
aqueous potassium hydroxide and solid 
strontium phosphate 

c) solid magnesium reacts with aqueous 
hydrachloric acid to produce aqueous 
magnesium chloride and hydrogen gas 


Classify each of the following reactions, and 
balance the equations: 
a) Cab, + AgNO,,, Ca(NO5)o/aq) + Agli; 
b) CH; O. / — CO» + H0 
€) MgCO, M00 + CO;,, 
d) LizSO % + Au(NO;),, — 

LINO; fag} + Au,{(SO,),/,) 
e) Cs, See CSS) 
D Al CuSO...) — ALSO 5/45) + Cu, 


3(ag 


Classify each of the following reactions. Write 
the skeleton equation and balance it. 

a) CaFj, 12% 

b) Rbi — 

e) CH, 04g — 

d) CulClO,) 4/49) + LigPO, (a9) — 

9) Zn, + FeBr,,,, —9 


How many moles are present in each of the 
following? 

a) 8.00 g of He,, 

b) 11.50 g of Na, 

c) 72.08 g of H,0,, 
d) 0.251 g of Na,SO, 
e) 6.2 kg of KCL, 


{s} 


What is the mass of each of the following 
samples? 

a) 2.00 mol of silver atoms 

b) 0.50 mol of Pb, atoms 

c) 10 mol of Ong molecules 

d) 9.67 mol of carbon disulfide 

e) 0.832 mol of calcium carbonate 


Extensions 


51. Describe how Antoine Lavoisier's experiments 
were an improvement over experiments 
conducted by earlier researchers. 


52. The number of protons and electrons in a 
neutral atom are equal. Why is the atomic 
number defined as the number of protons rather 
than the number of electrons? 


53. Distinguish between the terms “mass number“ 
and “atomic molar mass." 


54. Write the name or the formula for each of the 
following: 
a) Na,O,,) 
b) AL(OOCCOO),;,, 
c) CHOH; 
d) ammonium hydrogenoxalate 
e) propane 
f) ruthenium(IV) dihydrogenphosphate 
8 NO, 
h) W(Cr,0, 
i) OsO,, 
j glucose 
k) platinum(IV) cyanide 
l) sodium thiosulfate 


ais) 


55. Commercial aircraft are equipped with oxygen 
masks in case of depressurization at high 
altitudes. A chemical reaction produces the 
oxygen supplied to the masks. The equation is: 


KCO, — KCl), + 05, 


Suggest at least three reasons why this method 
of delivering oxygen is better than supplying it 
from pressurized oxygen tanks. 


56. How many atoms or molecules are present in 
each of the following? 
a) 2.0 mol of Al, atoms 
b) 36.0 mol of S0% molecules 
c) 0.023 mol of He;,, atoms 


57. How many moles are present in each of the 
following? 
a) 9.31 x 10™ molecules of NH. 
b) 1.63 X 10” atoms of Cu; 
c) 3.91 x 10" molecules of H. 


* 


2g) 


Skills Practice 
58. 


59. 


A student wanted to verify the law of 
conservation of mass, so she reacted aqueous 
calcium chloride with aqueous sodium 
carbonate in a beaker. Although a precipitate 
formed, no change in the total mass of the 
reactants and products was observed. In a 
second experiment, the student reacted 
magnesium metal with hydrochloric acid in a 
beaker, A vigorous reaction occurred, and the 
mass of the products was several grams less than 
the mass of the reactants. Why did the law of 
conservation of mass seem to be obeyed in the 
first reaction and not in the second reaction? 


Explain to a friend in a letter or e-mail how to 
determine whether an unknown liquid is an 
acid, a base, or neither. Specify several tests to 
perform, and explain how to interpret the results 
of the tests chemically. Include some safety 
precautions. 


Self Assessment 


60. 


61. 


62. 


What is one thing you learned in this unit that 
you would like to find out more about? 


Why is it important to consider a variety of 
alternative perspectives whon attempting to 
regulate the use of a potentially toxic industrial 
chemical? 


Describe one aspect of your lifestyle that you 
could modify to reduce your use of 
environmentally hazardous materials. 


DORT IE TG AA 


494 


In this unit, you will cover the following ideas: 


Investigating the energy flow in technological systems requires an understanding 
of motion, work, and energy. 


Energy Flow in = 
Technological. \A | Be 


B1.4 Work and Energy 


Energy in mechanical systems can be described both numerically and graphically. 
B2.1 Forms of En 
B2.2 Potential En 
B2.3 Kinetic Energy and Motion 
B2.4 
B2.5 Energy Conversions 


anical Energy 


Principles of energy conservation and thermodynamics can be used to describe 
the efficiency of energy transformations. 


B3.1 Laws of Thermodynamics 
B3.2 The Development of Eng! 
B3.3 Useful Energy and Efficiency 
B3.4 Energy Applications 


hnology 


While studying this unit, you will be asked to organize your thoughts about how the 
science of energy and thermodynamics evolved and its corresponding effects on 
technology. As you work through this unit, think about the following questions: 
1. Which came first: science or technology, and is it possible for technological 
development to take place without help from pure science? 
2. How did efforts to improve the efficiency of heat engines result in the 
formulation of the first and second laws of thermodynamics? 
3. How can the analysis of moving objects help in the understanding of changes in 
kinetic energy, force, and work? 
4. Why are efficiency and sustainability important considerations in designing 
energy conversion technologies? 


Atthe end of the unit, you may be asked to do these tasks: 

Case Study Cost-Benefit Analysis of Energy Sources far Transportation 
in this case study, you will analyze the costs and benefits of different energy sources 
for transportation. Based on your analysis, you will recommend which energy sources 
should be developed. 


Project Build an Energy Conversion Device 


o demonstrate energy 
st ways to 


conversions. You will d 
reduce energy wastage. 


ploring 


* Hero's steam engine—the first mechanical device 
to use heal as a source of energy. 


I The Apollo spacecraft, which is located at the very 
lop of the rocket, used fuel celis to produce electricity. 


The two technological devices shown here were 
created almost two thousand years apart, but they 
have several things in common. For their times, they 
both were unique technological innovations and 
they both harnessed energy in new ways. 

In the 1st century A.D., a Greek engineer named 
Hero of Alexandria designed the first heat engine. 
This engine, called a reaction turbine, was a primi- 
tive form of the modern steam engine. Hero's steam 
engine is a metal sphere connected by pipes to a 
container of water. Two narrow tubes bent at right 
angles extend from opposite sides of the sphere. The 
device is filled with water and placed over a fire. As 
the container is heated, the water boils, and steam is 
ejected from the nozzles. The sphere then rotates. 
His invention was the first mechanical device to use 
heat as a source of energy. However, this invention 
had no useful purpose; it was just a toy! 

For the next 1500 years, people failed to realize 
the importance of this "hidden" source of energy. 
The secret of heat as a useful source of energy for 
machines was rediscovered only in the early 1600s. 
The start of the Industrial Revolution in the late 
1700s brought the need for more sophisticated 
machines. Hero's steam engine was rediscovered 
and led to the development of more advanced tech- 
nologies. 

The Apollo spacecraft were among the most 
technologically advanced inventions of the 20th 
century and employed an innovative source of 
energy at the time, a hydrogen fuel cell. In actual 
fact, the science of the fuel cell was first described in 
the early 1850s. However, the science of the fuel cell 
was not applied successfully until the 1970s when it 
was first used in the Apollo space missions. The fuel 
cell is still used by NASA today to generate elec- 
tricity in the space shuttle. 

Fuel cell technology is no longer just being used 
for space flights. At the forefront of fuel cell research 
is a Canadian company called Ballard Power 
Systems, based in Vancouver, Although this 
company already has fuel-cell-powered buses oper- 
ating in Canada and the U.S., it has unveiled four 
prototype fuel cell vehicles for DaimlerChrysler. 


Activity B1 


QuickLah 


All Kinds of Energy 


You probably use the word "energy" often in daily conversation. Did you ever stop to 
wonder how many different types of energy there are and where they are found? 


Purpose 
To identity different types of eneray 


Procedure 


o Go to each station, perform the procedures listed below, and record your observa- 
tions. List the types of energy that come to mind at each station. 


Station 1: 
Station 2: Turn on the flashlight. 


Shine the light source on the radiometer. 


Station 3: Bring a magnet close to a small piece of iron. 
Station 4: Pull the pendulum ball back and release it. 


Station 5: Use a spatula to place a small amount (approximately 5 g) of baking 
soda on an evaporating dish, and using the medicine dropper, place 1 or 
2 drops of vinegar on the baking soda. Observe and then clean the evap- 
orating dish 


Station 6: Place the hanging mass, which is attached to the block of wood, over a 
pulley at the edge of the ramp and allow the mass to fall to the table: 


Station 7: Rub the ebonite rod with the fur and then bring the rod close to the bits 
of paper. 


Station 8: Wind up the car and let it go. 


Questions 


How many different types of energy came to mind when you visited the stations? 


Which stations demonstrated a type of energy that you did not know how to 
describe? 


Which type of energy did you observe most commonly? 
Did these demonstrations make you aware of some types of energy that you had 
never heard of? 

Extending 


5. Did you observe any transformations from one type of energy to another? Explain 
your answer. 


Mi 
Materials and 
Equipment 
Station 1: a radiometer 

and a light source 
Station 2: a battery- 

operated flashlight 
Station 3: a magnet and 

small pieces of íron 


Station 4: a pendulum 
attached by a string to 
a retort stand 


Station 5: a beaker with 
vinegar, a dish of 


baking soda, and a 
medicine dropper 

Station 6: a ramp, a 
pulley, a string, a 
mass, and a block of 
wood 


Station 7: an ebonite rod, 
a piece of fur, and tiny 
bits of paper 


Station 8: a wind-up car 


PW. 


Key Concepts 
In this section, you will learn about the 
following key concepts: 


+ one-dimensional motion 
* Work 


Learning Outcomes 
When you have completed this section, you 
will ba able to: 


* define, compare, and contrast scalar and 
vector quantities 

* describe displacement and velocity 
quantitatively. 


* define acceleration quantitatively as a 
change in velocity during a time interval: 


32M 
a=b 
E 


* explain that, in the absence of resistive 
forces, motion at constant speed requires no. 
energy input 

* recall from previous studies the operational 
definition for force as a push or a pull, and 
work as energy expended when the speed of 
an object is increased or when an object is 
moved against the influence of an opposing 
force 

+ investigate and analyze one-dimensional 
scalar motion and work done on an object or 
system using algebraic and graphical 
techniques. 


Investigating the energy flow in 
technological systems requires an 
understanding of motion, work, 


and energy. 
he Tour de France is 
| considered to be the 
world's most presti- 
gious bicycle race. Held in 
July, it winds its way through 
most of France. The course is 
divided into 20 stages. The 
overall winner each day gets 
to wear a prized yellow 
jersey. Perhaps the most 
gruelling stage of the tour 
occurs when the competitors 
reach the Pyrenees, where 
steep mountain roads test the 
endurance of the riders 
(Figure B1.1). 

Pedalling a bike up a 
long steep hill can be 
extremely challenging and 
exhausting. When every muscle in your legs begins to feel like jelly, 
you might wish that someone could push you the rest of the way up 
the hill. 

Humans always want to make life easier, and throughout history, 
we have invented technological devices and systems to help us 
perform heavy tasks. In designing new technological devices, people 
have discovered that many forms of energy can be harnessed to do 
work. Bicycles first used leg power, then motorbikes used energy 
from gasoline. Now, engineers have developed a prototype of a 
bicycle that uses energy from a hydrogen fuel cell. (Of course, this 
new fuel cell bike would never be used in the Tour de France, where 
"legwork" rules!) 

The development of advances in technological systems depends 
on knowledge of the science involved and the link to technology. In 
this section, you will learn how studies of motion are related to the 
scientific concept of energy. By analyzing different types of motion, 
you will gain an understanding of the important relationships 
between forces and motion, After establishing these relationships, 
you will learn how they lead to a scientific concept of work. Finally, 
you will learn that only through a thorough understanding of work 
can the secret of the concept of energy be revealed. 


ATIA Competitors in the famous 


Tour de France 


B1 Motion 


Motion is all around us. It may be as simple as an object moving in a straight 
line at a constant speed, like the MAGLEV train in Figure B1.2, or as compli- 
cated as the circular motion of a Ferris wheel, 

Motion is everywhere and easy to recognize, but it was not always easy to 
describe. The early Greek philosophers realized that motion involved an 
object travelling a certain distance in a time interval. However, they could 
not describe motion because they did not understand the idea of rate or how 
something changes in a certain amount of time. 


Uniform Motion 


We can analyze the motion of an object only if we compare the object's posi- 
tion to another point. This point is called a reference point, and all 
observations are made in relation to that point. For example, suppose you are 
floating on an air mattress on a swimming pool. You may not realize you are 
moving until you notice how far you are from the stairs where you entered 
the pool. The set of stairs is your reference point. 

The motion of an object occurs when an imaginary line joining the object 
to the reference point changes in length or direction or both (Figure B1.3), In 
some cases, we may be interested only in the change in length of the line as 
an indication that motion has occurred. In other cases, we may be interested 
in both the change in length and the change in direction. Once we know that 
motion is present, we can then describe the type and the rate of motion. 

In this section, we will concentrate on the simplest type of motion: 
uniform motion. Uniform motion is a term used to describe an object that is 
travelling at a constant rate of motion in a straight line, Many situations occur 
where an object appears to have uniform motion, but this type of motion is 
nearly impossible to maintain for long periods. For example, a car travels 
along a straight highway with the cruise contro! set at 100 km/h. The car 
appears to maintain a constant rate of motion, but various forces act to slow 
the car down, such as the friction of the tires on the road and wind resistance. 
Even with cruise control on, the car's rate of motion fluctuates around 
100 km/h as its engine attempts to maintain the set rate. It is also almost 
impossible to maintain motion in a perfectly straight line in everyday situations. 


do can tell that the person has moved because the length of the imaginary line joining her to 


the bus stop changes between (a) and (b) 


infoBIT 
In Japan, MAGLEV (short for 


magnetic levitation) trains 
achieve uniform motion by 


reducing friction. They da 
this by eliminating wheels 
and tracks. Instead, the 

train hangs down on eithei 


r 


side of a guideway, Both the 


train and the guideway 


contain very high-powered 


magnets. The two sets of 
magnets repel each other, 
causing the train to rise 
(levitate) above the 


guideway and move fonward. 


These trains can reach 
speeds of about 400 km/h 


much faster than the speed 
of the fastest conventiona 
trains. 


/ 
This MAGLEV 
train displays uniform motion. It 
travels at a constant rate in a strai 


ight 
ling, and it experiences almost no 
friction 


infoBIT "E 


Earth is travelling through 
space around the Sun at an 
average speed of about 
107 000 km/h. 


Practice Problems 


1. A huge ocean wave, or tsunami, travels a 
distance of 4.0 X 10° m in 3.6 X 10* s. 
Calculate the average speed of the tsunami. 


2. A Concorde airplane could fly at an average 
speed of 694 m/s. Calculate how long it would 
have taken the Concorde to fly around the 
world, which is approximately 4.00 X 107 m. 


3. An electric train is travelling at an average 
speed of 6.9 m/s for 4.0 s. Calculate the 
distance travelled by the train. 


Average Speed 


The car in the example above has a rate of motion or speed of 100 km/h. 
Because uniform motion is difficult to maintain, the term average speed is 
usually used. Average speed is uniform motion that involves travelling a 
distance in a specified time. 

You might be able to estimate the average speed of an object based on 
your day-to-day experiences of motion. But to describe the speed of an object 
more accurately, you have to analyze it quantitatively with mathematical 
formulas or graphs. 


Using Formulas to Analyze Average Speed 
Use the following equation to determine the average speed of an object. 


distance travelled 
time elapsed 


average speed = 


E 
At 
= ina — dinnat 


v 


finat — initiat 


Example Problem B1.1 


A person walks 10.0 m away from a stop sign in 5.00 s. What is the 
average speed of the person? 


— 10.0m —0.0m 
5.00 s — 0.00 s 


10.0 m 
5.00 s 


L] 


m 
2,002 


The person walked at a speed of 2.00 m/s. 


Using Graphs to Analyze Average Speed 


Creating a picture in your mind of an average speed can be difficult using 
formulas alone. A graph is an important tool for studying uniform motion 
because it not only shows the relationship between the two variables, but 
also provides a visual representation of the motion. For uniform motion, 
there are two types of graphs that can be used. They are a distance-time 
graph and a speed-time graph. 
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Plotting a Distance-Time Graph 


Suppose a motorboat is travelling at a uniform speed. The boat passes 
marker buoys placed 5 m apart, which act as a measuring scale. As the 
boat passes the first marker, a person on shore starts to record the 
distance the boat travels away from the first marker every 2.0 s. Table B1.1 
shows the measurements taken by the person on shore, 

The graph in Figure B1.4 describes the motion of the motorboat. 
The line of best fit on the graph is a straight line with a positive slope. 
This indicates a direct linear relationship between the distance trav- 
elled and the time taken to travel the distance, This means that as time 
increases, the distance travelled also increases. Since the graph is a 


A LAS] Progress of Boat Travelling 
past Marker Buoys 


straight line, the change in distance travelled in relation to the time 
intervals is constant. This shows that the motorboat has uniform 
motion. As long as the line is a straight line, the object represented in 


the graph is displaying uniform motion. If the line of best fit were a 
curve of any type, this would mean the object was changing distance 
travelled in equal time intervals. In other words the object would be 


either speeding up or slowing down. 

The slope of the line in Figure B1.4 also tells you something about 
the motion. The slope of the graph may be determined using the 
following formula: 
rise 


run 


— change in distance | Ad 
change in time At 


slope 


U 


speed Since v = oe 


5.0 


Distance d (m) 


Therefore the average speed, v, is 5.0 m/s. 


The slope of a distance-time graph is a visual 


representation of the speed of an object. A greater or of à 25 
steeper slope indicates a faster speed and a lesser 
slope indicates a slower speed. 

BURE B 


Distance-Time Graph of Boat 


40 60 80 100 
Time t (s) 


A A distance-time graph produced irom 


the data in Table B1.1 
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Distance d (m) 


Distance-Time Graph 
of Three Objects 


1 2 


Time t (s) 


FIGURE B1.5 


A 
thi 
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distance—time graph showing 
ree different motions 


Practice Problem 


4. The data in Table B1.3 were collected for a jet travelling at 


a uniform speed. 


a) Draw a distance-time graph for the data in the table. 
b) Determine the slope of the line. 
c) What value does the slope of the graph represent? 


Time and Distance Data 
for à Jet Travelling at 


Uniform Speed 


Figure B1.5 is a distance-time graph showing the motion of three objects. 
Line 1 shows an object with uniform motion. Line 2 shows an object with 
slower uniform motion than line 1. Line 3 shows a uniform motion of 0 m/s, 


meaning the object is at rest (not moving). 


Example Problem B1.2 


The data in Table B1.2 were collected for an object travelling at a uniform 


speed. 

a) Draw a distance-time graph for the data in the table. 
b) Determine the slope of the line. 

c) What value does the slope of the graph represent? 


- 
im and Distance Data for 
Example Problem B1.2 


Distance-Time Graph 


Distance from 250 
First Marker 
d (m) 


0.0 
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Distance d (m) 


00 10 20 30 40 50 
Time t(s) 


A üistance-time graph for the 
data from Table 81.2 


a) Figure B1.6 shows the graph 
drawn from the data in 
Table B1.2. 


b) slope = AS 


c) Since slope = speed, the average 
speed of the object was 4.0 m/s, 
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Plotting a Speed- Time Graph 


Suppose the motorboat mentioned previously is travelling past the same 
marker buoys. This time, a person on shore uses a radar gun to record the 
speed of the motorboat every 2.0 s. The data are shown in Table B1.4. 

The graph of the data (Figure B1.7) also describes the motion of the 
motorboat. The line of best fit is a straight line, indicating a linear rela- 
tionship between the speed of the boat and the time elapsed. The line is 
horizontal, which means that as the time elapsed increases, the speed 
remains constant. This should be the case, since the boat has uniform. 
motion. 

You can confirm that the speed is uniform by calculating the slope of 
the graph. The slope of the line can be determined as follows: 


[ 
U 
| 


slope = 


5.00 = — 5.00 = 
5 s 
10.0 — 0.0 s 


D] 
e 
=) 
| 


A slope of 0.0 m/s? confirms that the motion is uniform. 


You can determine the distance the boat travelled by calculating the 
area under the line of the graph. The area under the line of best fit of the 
speed-time graph in Figure B1.7 is determined as follows: 


area under the line = area of a rectangle 


length X width 
wan 
(5.00 m/s)(10.0 s — 0.0 s) 


area 


1 


(5.00 #)(10.0 8) 


50m 


Since the speed formula, v = M , can be rearranged to (v)(At) = Ad, the 
area under the line is the same as Ad. Thus, the area under the line of a 
speed-time graph indicates the distance travelled in the time period. 


If the line of best fit were a straight line with a slope ad other than 
zero, then the line would represent an object that is changing its speed as 
time passes. From the slant of the slope of the line of a speed-time graph, 
you can tell whether the speed of the object is increasing or decreasing 
(Figure B1.8). You will learn more about changes in speed in section B1.3. 


Speed v (m/s) 


Speed of a Boat Passing 
Marker Buoys 
Time when Speed of the 
Boat Passes | Boat as It Passes 
Marker Each Marker 


t(s) v(m/s) 


oo 20 40 60 80 100 
Time t (s) 


A graph of the speed of 


Speed-Time Graph of Two Objects. 


Speed v(m/s) 


Time t (s) 


Fist A line sloping upward 
(a) Indicates that the speed is increasing. 
A line sloping downward (b) indicates that 
the speed is decreasing, so the object is 


slowing down 
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Skill Practice 


Throughout this unit, you will be making calculations. It is 
important that you use the correct number of significant 
digits in your answers. Review the rules for determining 
significant digits and for operations involving significant 
digits in Student Reference 6: Math Skills, then answer 
the following questions and complete the calculations. 


1. Indicate the number of significant digits each of the 
following measurements has. 


a) 3.1415 m 
b) 2001.10 g 
c) 34 000 g 

d) 0.0027 s 

e) 8.1 km 


SEARCH 


Speed is an important 


physical quantity in speed. 
e 3 15 Spas a) Draw a speed-time graph for the data in the table. 
Inet Cr, your soca) METRIV b) Determine the slope of the line. How does the slope indicate that the 


to research and answer the 
following questions. What is 


for a human in a 100-m race 
and in a marathon? What 

are the fastest speeds 

recorded for an animal, a 

fish, an automobile, a boat, 

an airplane, and a 

spacecraft? Write a brief 
summary of your findings, 
describing how these speeds 
were determined. Begin your 
search at : 
www.pearsoned,ca/ $ 
school/science10 


Example Problem B1.3 


Using Significant Digits 


2. Solve the following problems. Give your answers to 
the correct number of significant digits. 


a) 3.20 cm + 2.1 cm 
b) 4.55 km — 1.6 km 
¢) 3:20 km x 1.11 km 
d)45.0km = 2:1 h 


Solve the following problems. Give your answers 10 
the correct number of significant digits. 


a) 0.00221 = (1.006 + 2.23) 
b) 347 x 7.48 + 21.2 
c) 6.4(9748 + 17.57) 


0.56 — 0.05 
9) 8436 — 02 


Example Problem B1.3 
The data in Table B1.5 were collected for an object travelling at a uniform 


object is travelling with uniform speed? 
the fastest speed recorded c) Determine the area under the line for the time interval, t — 0.0 s to 
15.0 s. What does this value represent? 


Time and Speed Dala lor 


Time and speed graph for 
data trom Table B1.5. 


a) Figure B1.9 shows the graph drawn from the data in Table B1.5. 
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5.08— 0.0 s 


0.0 = 
S 


5.08 
10 
os 


A slope = 0 indicates that the speed was 
uniform. 


c) area = length x width 
= (vay 
= (6.0 2)65.0s) 


=30m 
The area represents the distance travelled. 


Skill Practice 


In Activity B2, you will be taking measurements using two 
different measuring instruments. One of the most important 
skills in any science course is being able ta use measuring 
instruments properly. For any type of instrument, your 
measurement must include a final digit that is an estimated 
digit. For example, when using a ruler that has the smallest 
grading in millimetres, the final digit of your measurement 
should be in tenths of a millimetre, as shown in Figure B1.10. 


The correct measurement for the length of the line is not 
2.3 cm or 2.4 cm but 2.35 cm. 


Practice Problem 


5. The data in Table B1.6 were collected for an 
object travelling at a uniform speed. 

a) Draw a speed-time graph for the data in 
the table. 

b) Determine the slope of the line. How 
does the slope indicate that the object is 
travelling with uniform speed? 

c) Determine the area under the line for the 
time interval, f = 0.0 sto t= 5.0 s. What 
does this value represent? 


Time and Speed 
Data for Practice 
Problem 5 


Taking Measurements 


1. Use your ruler to measure the width, length, and thick- 


ness of this textbook in centimetres. Record the data in 
your notebook. To how many decimal places can you 
measure with your ruler? 


2. Usea stopwatch to measure the time taken in seconds 
for a ball to hit the floor if dropped from your desktop. 
Repeat this procedure several times. Record the data in 
your notebook. To how many decimal places were you 
able to measure the time? 


Bpeeerere 


POPE | ae eee 499 


Inquiry Lal 


Studying Uniform Motion 


The Question 
What kind of motion do falling dominoes exhibit? 


The Hypothesis 


State a hypothesis concerning the motion of the falling 
dominoes. Be sure to write an then“ statement. 


Variables 


Identify the type of data you will collect to support your 
hypothesis. State the manipulated, responding, and 
controlled variables in this investigation. 


Materials and Equipment 


65 dominoes (2.5 cm x 5.0 cm) 
metre-stick or measuring tape 
5 stopwatches 

masking tape 


Procedure 


o Paste 3.00 m of masking tape on a flat table or counter- 
top, making sure that the masking tape is perfectly 
straight. 


- 
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Required Skills 

s Initiating and Planning 
Performing and Recording 

* Analyzing and Interpreting 
Communication and Teamwork 


[Student Reterence E] 


o At one end of the masking tape, make a pencil mark 
designating the starting position, 0.00 cm. From this 
starting position, make a mark every 50.00 cm on the 
masking tape, using the metre-stick or measuring tape. 


Place the metre-stick or measuring tape parallel to the 
masking tape at the start position so that the 0.00 mark 
aligns with the 0.00 mark on the masking tape. 


Place the first domino at the 0.00 cm mark on the 
masking tape (Figure B1.11). Place the next domino at 
4.00 cm, and continue lining up the dominoes every 
4.00 cm until you have at least 65 dominoes in a line. 


[5] One member of the group (each group has 6 students) 
positions him- or herself at the 0.00 cm, 50.00 cm, 
100.00 cm, 150.00 cm, 200.00 cm, and 250.00 cm 
marks. Each student has a stopwatch except for the 
student at the 0.00-cm mark. 


© When the student at the 0.00-cm mark says “Start,” he 
or she pushes over the first domino and the other 
students start their stopwatches. 


e Each student stops his or her stopwatch when the 
toppling dominoes reach his or her mark on the tape. 


© Record your results in a table like the one below. 


©) Do at least three trials of the experiment, and calculate 
the average values of the times. Record the average 
values in your notebook. 


Distance d (cm) Time Elapsed t (s) 


Analyzing and Interpreting 


1. Identify the manipulated and the responding variables 
in this experiment. 


— 


- 


—— — 


— 


——ů —U 3 ˙ ˙ꝛ ͤ — 


Draw a distance-time graph. Remember that, although 
the manipulated variable should be on the x-axis of your 
graph, time (which is the responding variable in this 
experiment) is always plotted on the x-axis. 


What type of line is your line of best fit? 
What type of motion is depicted by your line of best fit? 


Determine the slope of the line of best fit of the graph. 
What does this value represent? 


. From your data, calculate the speed during each time 


interval by determining the distance travelled during the 
interval and substituting the values in the formula 

Ad 
XE 
Using your calculated values for the speed of each time 
interval, create a table like the one below. Make sure 
your table has a title. 


Time Interval ^t (s) Speed v (m/s) 


Check and Reflect 


Knowledge 


1. How can you determine if an object is in 
motion? 

2. When is an object travelling in uniform 
motion? 

3. What two quantitative methods can you use 
to analyze uniform motion? 

4. What can you determine from the following 
calculations? 
a) the slope of a distance-time graph 
b) the slope of a speed-time graph 
€) the area under the line of a speed-time 

graph 

5. Describe the motion of an object as shown in 
each segment of the graph in the right 
column. The graph represents the distance 
travelled as a function of time. 


. Draw a speed-time interval graph. 
. On the graph, determine the slope of the line of best fit. 


. Indicate on the graph what the value of this slope 
represents. 


+ On the graph, determine the area under the line for the 
entire time. 


. Indicate on the graph what the value of this area 
represents. 


Forming Conclusions 


13. Study the distance travelled-time graph. Explain how. 
this graph shows that the falling dominoes are 
displaying uniform motion. 


Study the speed-time graph. Explain how this graph 
shows that the falling dominoes are displaying uniform 
motion. 


Distance-Time Graph 


Distance d 


Time t 


6. Describe the motion of an object as shown in 
each segment of the graph below. The graph 
represents the speed as a function of time. 


Speed-Time Graph 
- 
= 
= 
g 
a 
a 
Time! 
A ee SS T E eee eo ey ee 435 
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Applications 


7. Which of the following situations most 
closely describes uniform motion? Explain 
your answer, 

a) a person sliding down a waterslide 
b) water falling down a waterfall 
c) electricity flowing through a wire 

8. A skateboarder travels 50.0 m in 12.0 s, What 
is the average speed of the skateboarder? 

9, A baseball player throws a ball a distance of 
45.0 m at a speed of 30.0 m/s. How long is 
the ball in flight? 

10. An airplane flies at a speed of 990 km/h for 
4.10 h. How far does the airplane travel? 


11. A bird is flying 6.00 km/h in a straight line at 


a constant rate. How long will it take the bird 
to travel 30.0 km? 


12. A graph of an object travelling in uniform 


motion is shown below. 


Distance-Time Graph 
104. 


Distance d (m) 


0 
0.0 20 
Time t (s) 
a) Determine the slope of the graph. 
b) What quantity does the slope of this 
graph represent? 


13. A graph of an object travelling in uniform 


motion is shown below. 
a) Determine the slope of the graph. 
b) What quantity does the slope represent? 


Speed-Time Graph 


Speed v (m/s) 


Malè Be Enarnu Claw in Tashnalaniaes! Cuetame 


14, The ticker tape shown below shows a record 
of the motion of an object on a straight 
horizontal track. The marks were produced 
by a spark timer set at 10 sparks per second. 


LI LI * . * . * LI 


0.00s 0.105 0.20 8 0.30s 0.40s 0.50s 0.60s 0.70s 


a) In your notebook, create a data table that 
records the time and the distance 
travelled by the object from the starting 
point at 0.0 s. p 

b) Draw a distance-time graph of the data in 
your table, 

c) Calculate the slope of the line of your 
graph. z 

d) What information does the slope of this 
graph give you? 

15. Using the same ticker tape shown in question 

14, answer the following questions. 

a) In your notebook, create a data table that 
records the avérage speed of the object at 
the end of each time interval. 

b) Draw a speed-time graph of the data in 
your table. 

c) Calculate the area under the line at the 
0.70 s mark. 

d) What information does the area under the 
line give you? 

18. A person walks 15.0 m in 5.00 s, and then 


walks 12.0 m in 10.00 s. What is the average 
speed of the person? 


17. A person walks at a speed of 2.00 m/s for 
10.00 s, and then walks at a speed of 1.50 m/s 
for 8.00 s. What is the average speed of the 
person? 


Extensions 


18. Sketch a distance-time graph with three 
lines on it: one that represents a slow-moving 
object; one for a fast-moving object; and one 
for an object that is not moving. 


19, Why is it so difficult to find examples of 
objects travelling at uniform motion? 


. velocity 


You have probably heard people use the term “velocity” when they describe 
how fast a car is going. Most of the time, they are actually referring to 
"speed." As you learned in section B1.1, speed describes the rate of motion of 
an object. Velocity describes both the rate of motion and the direction of an 
object. You can determine the average speed of a car by locking at its 
speedometer. To determine its average velocity, you need both the 
speedometer and a compass, to show you its direction, 


Scalar and Vector Quantities 


The difference between speed and velocity is that speed is a scalar quantity, 
and velocity is a vector quantity. All quantities in science can be classified as 
either scalar or vector quantities. A scalar quantity is one that only indicates 
“how much” (the magnitude) of the quantity. A vector quantity indicates 
“how much” (the magnitude) and the direction of the quantity. A vector 
quantity is written with a vector arrow above the symbol for the measured 
quantity. For example, the symbol for speed is v, and the symbol for velocity 
is v. 


Distance Travelled and Displacement 


Distance travelled and displacement are two other examples of related scalar 
and vector quantities. Distance travelled is a scalar quantity. It is a measure- 
ment of the change in distance of an object moving from a starting reference 
point, In Figure B1.12, the person moves from the bus stop to a point 10 m 
away from it. You would record the distance the person moved as Ad = 10 m. 
This indicates that the object (the person) moved 10 m from the reference 
point (the bus stop). The “A” shows that the number is a change in a quantity. 


|... infoBIT 


The numbering of airport 
runways illustrates the 
importance of including 
direction when describing 
motion. Airport runways are 
numbered according to their 
angle from magnetic north 
at 0". The runway number 
indicates the runway's angle 
from magnetic north in a 
clockwise direction, with 
the last "0" omitted. If the 
runway's heading is 40* 
from magnetic north, the 
runway is calied runway 4. 
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Displacement is a vector quantity. It is a measurement of the change in 
distance and the direction or the change in position of an object from a refer- 
ence point. To determine the displacement of the person relative to the bus 
stop in Figure B1.12, you need to know both the beginning and final posi- 
tions of the person, and the direction that she moved in. You can record the 
displacement in this case as Ad = 10 m [right]. This indicates that the object 
(the person) ends up 10 m from the reference point (the bus stop). It also indi- 
cates that the direction of travel was to the right of the reference point. 

Figure B1.12 is a simple example of distance and displacement. In that 
example, the magnitudes of both the distance and the displacement are the 
same. The difference between the two is that displacement has a direction 
indicated. Figure B1.13 illustrates an important difference between distance 
and displacement, The distance (Ad) is the total distance travelled by the 
person on both sides of the bus stop. So Ad is 8 m. The displacement (Ad) is 
the person's change in position relative to the bus stop. So Ad is only 
2 m [left]. 

Note that you are describing motion when you record distance travelled 
and displacement. You must indicate this by using the ^A" notation to indi- 
cate a change in the distance or the position of the object. 


Ex] E — -2 -1 0 1 2 3 4 5 


The difference between distance and displacement: 
* The distance travelled by the person is Ad=3m+5m=8m. 
© The displacement of the person relative to the bus stop is Ad = 3 m [right] + -5 m [left] «—2 m [lett]. 


Minds On... | Classroom Scavenger Hunt 


When you want to go somewhere. you need to know not On a sheet of graph paper, use a student ruler and a student 
only how far it is, but what direction it's in. For this activity, protractor to sketch a map showing how you found the treats. 
your teacher has hidden “treats” in four different locations in This map is a scale drawing showing the vector arrows of your 
the classroom. You must use a written set of instructions io hunt. 

find the hidden treasure. Your group will need a set of 

instructions, a metre-stick, and a large blackboard 

protractor. Begin at the given starting point, and follow the 

instructions until you locate the treasure. 


How to Identify Vector Directions 


In the example shown in Figure B1.13, the vector directions given were 
[right] and [left]. These vector directions were determined using the x-axis 
method. You may also have seen vectors that refer to the compass directions: 
north, south, east, and west. For example, a plane flying from Calgary to 
Regina would have an "[E]" vector, which stands for “east.” This vector 
direction is determined using the navigator method. 


The X-Axis Method 


The x-axis method for determining vector directions uses the mathematical 
method of setting up a coordinate system grid with an "x" axis and a "y" axis, 
similar to a graph. Figure B1.14 shows the grid for the x-axis method. 
Directions are stated from the x-axis, which is the starting reference point at 
0°. From there, directions are determined in a counterclockwise direction. 
Directions given along the x- and y-axis lines are given positive or nega- 
tive values. 
* [Up] and [right] are positive. 


* [Down] and [left] are negative. 


wp (30°) 


* Directions between the axis lines are 
given only in degrees and are not given a ett (180°) - 
positive or negative value. 


down (270*) 


Example Problem B1.4 


Use the x-axis method to determine the directions of the vectors A, B, C, 
and D shown in Figure B1.15. Give the magnitude and direction for each 


vector B 


Vectors 
A B, C, and Example 


fight (07) 


FIGURE 81.14 The x-axis 
grid for TE the 
directions of vectors 


Problem B1.4 Practice Problem 


6. A ball is rolling ata 


The magnitude and directions of the vectors in Figure B1.15 are: 
vector A = 6 m [30°] 

vector B = 10 m [right] 

vector C - -8 m [down] 

vector D = 2 m [230°] 


velocity of 2 m/s [135°]. 


Use the x-axis method to 
sketch this vector on a 


grid. 
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The Navigator Method 


This method uses the directions of north [N], south [S], east [E], and west [W] 
on a grid to identify vector directions. North is the starting reference point of 
0°, In this method, directions are stated clockwise from north. Figure B1.16 
shows the grid to use for the navigator method. 

Directions given along the axis lines have positive 


A! or negative values. 
* [N] and [E] are positive. 
i * [S] and [W] are negative. 
* Directions between the axis lines 
W (270°) E (90°) are given only in degrees and are 
| not given a positive or negative value. 
Te 
navigator method grid 
Tor determining the 
y S (180°) 4 


directions of vectors 


Example Problem B1.5 


Use the navigator method to determine the directions of the vectors A, B, 
C. and D shown in Figure B1.17. Give the magnitude and direction for 
each vector. 


veclor A 
30° 


vector B. 


10m 


vector C 


Vectors A, B; C, and D for Example Problem B1.5 


The magnitude and directions of the vectors in. 
Figure B1.17 are: 

vector A = 6 m [60°] 

vector B = 10 m [E] 

vector C = —8 m [S] 

vector D = 2 m [220°] 


Practice Problem 


7. A ball is rolling at a velocity of 


2 m/s [135?]. Using a grid, sketch 
this vector using the navigator 
method. 


In the two example problems B1.4 and B1.5, you probably noticed that 
you were identifying the same vectors. The magnitudes of the vectors were 
the same in both problems. The notation of their directions was different 
because two different methods were used to determine them. Remember to 


read vector problems carefully to see which method you are supposed to use 


to solve them. 


1480 nan Re Enaernv Flaw in Tarhnnlnniral Sustame 


Speed and Velocity 


Now that you know the difference between scalar and vector quantities, let's 
look more closely at speed and velocity. In section B1.1, you used distance 
travelled in calculating average speed. Both distance travelled and speed are 
scalar quantities. Only the magnitude of each one is stated. For example, the 
average speed of a car may be stated as 100 km/h. To calculate average 
velocity, you use displacement. Both displacement and velocity are vector 
quantities, so you must state both the magnitude and the direction for them. 
For example, the average velocity of a car on the highway from Edmonton to 
Red Deer might be 100 km/h [S]. 


Using Formulas to Analyze Average Velocity 


Average velocity is uniform motion that involves changing a position in a 
specified time. To determine the average velocity quantitatively, use the 
following equation: 


as displacement 
average velocity = ———— — —7- 
x time elapsed 
— Ad 
v-28 
At 
= dau una 


Ë finat — k initiat 


Velocity is a vector quantity, so you must state its magnitude and direction. 


Example Problem B1.6 
A person walks 10.0 m [E] away from a bus stop in 5.00 s. What is the 


average velocity of the person? 
Average velocity: Practice Problems 
PM Ad 8. A student walks 10.0 m [E] in 7.00 s. Then 
5 he walks another 12.0 m [E] in 8.00 s. 
10.0 m [E] — 0.0 m Determine: : 
7 —$005- 0.005 a) the displacement of the student in 15.00 s 
b) the average velocity of the student 
.. 10.0 m [El 
|. 5.00s 9. A boat travels at a velocity of 8.00 m/s [N] 


for 14.0 s. What is the displacement of the 
= 2.00 + [E] boat? 


10. An airplane flying at a velocity of 
900 km/h [W] travels 400 km west. How 
long will the plane be in flight? 


The person walked at an average velocity 
of 2.00 m/s [E]. 
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N Position of Boal Travelling 


past Marker Buoys 


T 


Marker | Time | Position of 
t(s) the Boat 
d (m) [E] 
1 0.0 0.0 
L— Eee 
2 2.0 10.0 
3 40 20.0 
4 6.0 30.0 
5 8.0 40.0 
6 10.0 50.0 
500 Position-Time Graph 


G 40.0 
E 30.0 
2 200 
= 

10.0 

00 

00 20 40 60 
Time t (s) 

FIGURE 8 A position-time graph 


produced from the data in Table B1.7 


tru 


6.0 10.0 


Using Graphs to Analyze Average Velocity 


In section B1.1, you learned that graphs are an important tool for 
studying uniform motion. They show the relationship between two 
variables and provide a visual representation of the motion. You saw 
how distance-time graphs and speed-time graphs are visual represen- 
tations of the speed of an object. You also learned how to use graphs to 
calculate the speed and distances travelled by objects. To analyze 
average velocity, vou can use two types of graphs: a position-time 
graph and a velocity-time graph. 


Plotting a Position-Time Graph 


In section B1.1, you considered the speed and distance travelled by a 
motorboat. Now consider its velocity, Suppose a motorboat is travel- 
ling east past six marker buoys in the water placed 10.0 m apart. A 
person on the shore is recording the time it takes for the motorboat to 
pass each marker. Table B1.7 shows those measurements. 

The graph in Figure B1.18 uses the data from 
Table B1.7 to describe the motion of the motorboat 
visually. The line of best fit indicates a linear or a 
straight-line relationship between the position and the 
time taken to travel. This means that as time increases, 
the position also increases. The straight line of the 
graph shows that the motorboat’s displacement in rela- 
tion to the time intervals is constant. Therefore, the 
motorboat is moving with uniform motion. Its velocity 
remains constant. 

You can use the slope of the line in Figure B1.18 to 
determine the average velocity of the motorboat. 


g 


Calculate the average velocity of the motorboat from Figure B1.18. 
Average velocity: 


rise _ change in position 
slope = — = ~ 
run change in time 


. one S AT 
= velocity Since v = — 
d At 


— 40.0 m [E] — 10.0 m [E] 
8.0 s — 2.0 s 


=5.0 SIE] 


The average velocity of the motorboat is 5.0 m/s [E]. 
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Example Problem B1.7 
Table B1.8 contains data collected for an object travelling at uniform 
velocity. 
a) Draw a position-time graph for the data in the table. 
b) Using the graph, identify the motion occurring between 
tz 0.0 s and t — 5.0 s, and justify your answer. 
c) From the graph, determine the average velocity between 
t2 0.0 s and t 5.0 s. 


| TASLE vaa for Example Problem 81.7 


Position of Object 800 Position-Time Graph 


== 


00 10 20 30 40 50 
Time t (s) 


ma A position-time graph for the data from 
fable 81.8. 


a) Figure B1.19 shows the graph drawn from the data in Table B1.8. 
b) The graph is a straight line so it is showing uniform velocity 

between f= 0.0 s and ! — 5.0 s. 
€) average velocity — slope 


slope = me Practice Problem 
11. Table B1.9 contains data collected for an object 
2 di- di d travelling at uniform velocity. 
hah a) Draw a position-time graph for the data in the table. 


b) From the graph, determine the average velocity 


— 50.0 m [N] — 0.0 m IN] 
between t = 0.0 s and t = 10.0 s. 


5.0s —0.05 
— 50.0 m [N] 3 
5.08 Data for Practice 


= 105 IN] 


Problem 11 


Since slope = velocity, the average 
velocity of the object was 
10 m/s [N]. 
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The most common way to 
measure the magnitude of 
the velocity of vehicles is 
km/h. However, pilots and 
sea captains measure 
velocity in knots. Use the 
Internet or your local library 
to research the term “knot” 
as used to describe the 
velocity of an object. How 
did this term originate? 
What is a nautical mile? 
How do km/h and knots 
compare? Write a brief 
summary of your findings. 
Begin your search at 


Plotting a Velocity-Time Graph 


A velocity-time graph is similar to the speed-time graph you studied in 
section B1.1. In the motorboat example. people studying the motorboat’s 
motion would keep track of both the speed and direction to determine the 
velocity. 

Suppose the motorboat is travelling east at uniform velocity past six 
marker buoys 10.0 m apart. On shore, one person is measuring the time using 
a stopwatch, and another is measuring the speed with a radar gun and using 
a compass to determine direction. Table B1.10 shows the measurements they 
took. 


tase) Velocity of Boat Travelling past Marker Buoys ~ 


Marker Time 
t(s) 


Velocity of the Boat 
V (m/s) [E] 


8.0 


6 10.0 


Figure B1.20 is the graph of the data from Table B1.10, The line of best fit 
is a straight line. This indicates a linear relationship between the velocity of 
the boat and the time it took to travel past the markers. The line is also hori- 
zontal. This means that the velocity remained constant during the time the 
motorboat was moving past the markers. The boat is travelling with uniform 
motion. In section B1.3, you will learn about motion that is not uniform, 
when objects increase and decrease velocity, 


Velocity-Time Graph 


Velocity v (m/s) IE] 


00 20 40 60 80 100 


Wu Sf SHEA. ge 
school/science10 
ATA A graph of the velocity of the motorboat as a function of time 
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Check and Reflect 


Knowledge 


1. What is one difference between a scalar and 
a vector quantity? 


2. Give two examples of scalar quantities and 
two examples of vector quantities. 


3. Use the navigator method to determine the 
directions of vector 1 and vector 2 shown 
below. 


4. Use the x-axis method to determine the 
directions of vector 1 and vector 2 shown 
below. 


Applications 


5. A ball rolls 10.0 m [S] in a time of 6.00 s, hits 
a wall, and rolls back a distance of 
15.0 m [N] in a time of 10.00 s. Determine: 
a) the distance travelled by the ball 
b) the displacement of the ball 
c) the average speed of the ball 
d) the average velocity of the ball 


6. An air puck is propelled from one side of an 
air table. It hits an elastic on the other side, 
and the elastic propels it back to the side 
where it started. Students recorded the 
motion of the air puck and analyzed the data. 
Their data are shown in the table at the top 
of the right column. 

a) Draw a position-time graph of the data in 
the table. 

b) Calculate the slope of the graph. What can 
you determine from the value of the slope? 


Time Position of the Air Puck 
t(s) d (cm) 
0.00 0.00 


5.25 [E] 
10.51 [E] 
1574 [E] 
0.40 10.52 [E] 


0.50 5.26 [E] 
0.60 0.00 


7. Use the data table in question 6 to complete 
the following table in your notebook. Draw a 
velocity-time graph using the completed 
table. Then answer the questions below, 

a) How does the graph show that motion is 
uniform? 

b) How does the graph distinguish between 
uniform motion in one direction and 
uniform motion in the opposite direction? 


Velocity of the Air Puck 


0.00 — 0.10 
0.10 — 0.20 


0.30 — 0.40 
0.40 — 0.50 


Extension 


8. Draw a position-time graph and a 
velocity-time graph of each of the motions 
described below: 

a) A car travelling at a uniform velocity of 
100 km/h, moves 200 km [S] in 2.0 h. 

It rests for 1.0 h and then returns 
100 km [N] in 1.0 h. 

b) A hummingbird flying at a uniform 
velocity of 10 m/s travels 40 m [E] in 
4.0 s. It stops at a feeder for 5.0 s, and 
then flies 20 m west for 2.0 s. 
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fo SU 


A jumbo jet can change its 
speed during take-off from 
rest to 200 km/h (55.6 m/s) 
in about 12 seconds. A 
NASA shuttle craft moves 
from rest to 180 km/h 

(50 m/s) in the first 4 s of 
lift-off and then increases 
its speed to 28 000 km/h 
(7800 m/s) in the next 
8.5 minutes. 


LA Anairplane 
accelerates rapidly when it takes off. 
Once it reaches cruising altitude, it 
travels in uniform motion for lang 
periods. 


Examples of 
positive and negative acceleration 


B 13 Acceleration 


On a long-distance flight, your plane may fly for long periods at 900 km/h. 
Unless you have a window seat, however, it may seem like the plane is not 
moving at all. Uniform motion can be relaxing—even at such a high speed. 
The excitement comes at the beginning of the trip as the plane takes off 
(Figure B1.21). Its speed changes rapidly from rest to take-off speed in several 
seconds. Because the airplane's speed is increasing, so is its velocity. This 
change in velocity during a specific time interval is called acceleration. 
You can experience acceleration in a vehicle or on your own. For example, 
when you start to run for the bus or dive into a swimming pool, you are 
accelerating. a 


Types of Acceleration 


Uniform motion is the simplest type of motion, but accelerated motion is the 
most common type of motion. Like velocity, acceleration is a vector quantity, 
so you must determine both its magnitude and direction. Different types of 
acceleration are possible because both the magnitude and direction of 
velocity can change. When an object is speeding up, the magnitude of its 
veloc: increasing. When an object is slowing down, the magnitude of the 
velocity is decreasing. 
Positive acceleration occurs in two ways: 
1) when the change in both the magnitude of the velocity and the direction 
are positive (Figure B1.22(a]). 
2) when the change in both the magnitude of the velocity and the direction 
are negative (Figure B1.22(b)). 


Negative acceleration also occurs in two ways: 

1) when the change in the magnitude of the velocity is negative while the 
direction is positive (Figure B1.22(c)). 

2) when the change in the magnitude of the velocity is positive and the 
direction is negative (Figure B1.22(d)). 


increasing ¥ decreasing V 
A 
ETE 


direction = 


(a) Positive acceleration: both the change 
in the magnitude and the direction of the 
velocity are positive. 


decreasing V 
— * direction 


(c) Negative acceleration: the change in 
the magnitude of the velocity is negative 
while the direction is pasitive 


(b) Positive acceleration: both the change 
in the magnitude and the direction of the 
velocity are negative 


increasing 7 
— 


(d) Negative acceleration: the change in 
the magnitude of the velocity is positive 
but the direction is negative. 


Your study of accelerated motion will concentrate on changes in magnitude 
of velocity in one direction. You will consider both accelerated motion that is 
speeding up and accelerated motion that is slowing down. 


Using Formulas and Graphs to Analyze Accelerated 
Motion 


As with uniform motion, you can study accelerated motion quantitatively by 
using formulas and graphs. To calculate acceleration, use the following 
formula: 


E change ir i 
acceleration = ange in yølociiy 
time interval 


SRAN 
uM 
A 


where AV = Vg — Vinitial 


and y, is the final velocity and v, is the starting velocity 


— 


At 


SO, 


Remember that acceleration is a vector quantity so you must determine the 
magnitude and the direction of the acceleration. 


Practice Problems 


Example Problem B1.8 


A racing car accelerates from rest to a speed of 200 km/h (55.6 m/s) [E] 
in 6.00 s. What is the acceleration of the car? 
z= Yp— v. 


55.6 „ [E] — 0.00 2 
— 5 LJ 
5.00 s 


m 
= —— m 
= 9.27 — [E] or 9.27 , El 


The car's velocity is increasing at the rate of 9.27 m/s? [E]. (This is 
positive acceleration.) 


Note that the units for velocity were converted from km/h to m/s, and 
the units for acceleration are stated as m/s". 


In some situations, only the magnitude of the acceleration is 
required, and the direction is ignored. For these situations, the formula 
can be adjusted so that the vectors are not included: 

* * 


dm 


12. A shuttle craft accelerates 
from rest to a velocity of 


50 m/s [upward] in 4.00 s. 


What is its acceleration? 


A baseball thrown at 
25.0 m/s strikes a 
catcher's mitt and slows 
down to rest in 0.500 s. 
What is the magnitude of 
the ball's acceleration? 


A hockey puck travelling 
at 10.0 m/s strikes the 
boards, coming to rest in 
0.0300 s. What is the 
magnitude of the puck's 
acceleration? 


- A car driver applies the 
brakes and slows down 
from 15.0 m/s [E] to 
5.00 m/s [E] in 4.00 s. 
Determine the car's 
acceleration. 
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Plotting a Position- Time Graph 


In section B1.2, you learned that you could determine the velocity of an 
object from the slope of a position-time graph. The line of best fit for an 
object travelling with uniform motion was shown to be a straight line because 
the velocity was uniform. For accelerated motion, the line of best fit is à 
smooth curve. Here's an example. 

Suppose that a motorboat is travelling with accelerated motion in an east- 
erly direction. It passes marker buoys placed 5 m apart. As the boat passes the 
first marker buoy, a person on shore starts to estimate and record the position 
of the motorboat every 2 s relative to the first marker buoy. Table B1.11 shows 
the data collected by the person on shore. 


Change in the Position of the Motorboat B 


Position d 


» Position-Time Graph 
Time Position of the Boat 
t(s) d (m) [E] w o2 s 
E 
0 0 "mo 15 
s 
2 1 = wu 
T Ej 
4 4 8 
0 
$ d Ü H 4 6 8 10 
8 16 Time t (s) 
10 25 Graph of the position of the motorboat 
as a function of time 


The graph in Figure B1.23 describes the accelerated motion of the motor- 
hoat. The slope of the line is gradually increasing, which indicates that the 
velocity of the boat is gradually increasing or accelerating. The shape of the 
curve of a graph of accelerated motion indicates whether the object has a 
positive or a negative acceleration. 

Figure B1.24 shows two position-time graphs of accelerated motion. 
Graph (a) has an increasing slope, which indicates positive acceleration. 
Graph (b) has a decreasing slope, which indicates negative acceleration. 


Position-Time Graph Position-Time Graph 


Position d 


Time t (s) Time t (s) 


(a) This graph represents 
positive acceleration because the slope is 
increasing. 
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(b) This graph represents negative 
acceleration because the slope is 
decreasing. 


Example Problem B1.9 


Table B1.12 shows data for an object travelling with accelerated motion. 
a) Draw a position-time graph for the data shown in the table. 
b) Using the graph, identify the motion occurring in the time intervals 


given below, Justify your answer for each one. 
i) between f = 0.0 s and t = 3.0 s 
ii) between t= 3.0 s and t = 6.0 s 
iii) between t = 6.0 s and t = 8.0 s 


Time and Position Data for Example Problem B1.9 


a) Figure B1.25 shows the graph drawn from the 
data in Table B1,12. 


Position-Time Graph 


9000 10 20 30 40 50 60 70 80 
Time f(s) 


IIA Graph of the data in Table 81.12 


b) i) The curve has an increasing slope so it 
shows positive acceleration [E]. 
ji) The straight line shows uniform motion [E]. 
iii) The curve has a decreasing slope so it shows 
negative acceleration [E]. 


Practice Problem 


16. Table B1.13 shows data for a rollercoaster 
travelling with accelerated motion. 

a) Draw a position-time graph for the data 
shown in the table. 

b) Using the graph, identify the motion 
occurring in the time intervals given 
below. Justify your answer for each one. 

i) between t - 0,0 s and t = 3.0 8 
ii) between t 2 3.0sand t =6.0s 
iii) between t 2 6.0sand £ = 8.05 
Time and Position Data for Practice 
Problem 16 


Time Position 
t(s) d (m) [E] 


0.0 0.0 
10 20 
20 8.0 
3.0 18.0 
40 28.0 
50 38.0 
6.0 48.0 
7.0 540 
8.0 56.0 
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Activity B3 


Inquiry Lal 


Get in Motion! 


Before You Start... 


Accurately describing the motion of an object is sometimes 
difficult. You must know where the object is relative to a 
point of reference. You need to have an idea of what direc- 
tion the object is moving in and how fast it is going. You 
must also be aware of any changes in speed (acceleration). 
One excellent way to describe the motion of an object is with 
the help of a motion sensor. 

Motion sensors use pulses of sound that reflect off an 
object to determine its position. In this activity, you will use a 
motion sensor connected to a computer to track the motion 
of an object. By producing a graph of the motion, you will be 
able to describe when the object is moving, and whether it is 
moving at a constant speed or is changing speed. In this 
activity, you will be the moving object! 


The Question 


What does the movement of an object look like on a 
position-time graph? 


The Hypothesis 


Look at step 2 of the procedure and form a hypothesis for 
this investigation based on the question above. 


Variables 


identify the type of data you will collect to support your 
hypothesis. State the manipulated, responding, and 
controlled variables in this investigation. 


Materials and Equipment 


computer and data-collection software 
motion sensor 
printer 


alternative materials if no motion sensor is available 
metre-sticks 

adding machine tape 

marker 

lape 

stopwatch 

grid paper 
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Required Skills 
Initiating and Planning 
Performing and Recording 
Analyzing and Interpreting 
Communication and Teamwork 


ESTIS s 6,7, 11 


Procedure 


Method 1: Using a Motion Sensor 


© Connect the motion sensor (Figure B1.26) to the 
computer and activate the data-collection software. 
Configure the software to display a position-time 
graph. 


Have a partner activate the motion sensor. Stand in 

front of the sensor, as shown in Figure B1.27. Perform 

the following séquence. 

* Stand still for 5 s. 

* Move slowly away from the sensor at a steady rate. 

* When you are about 2-3 m away from the sensor, 
gradually come to a stop. 

Stand still for a few seconds. 


US BI 2 A motion sensor 


motion 


=> 
‘sensor 


— )) 


FIGURE 81.27 BELLA 


e When you have completed the sequence, your partner 
should stop recording. 


o Once you have your graph scaled correctly on screen, 
print it out. 


6 Repeat the sequence in step 2, but move more quickly. 


Method 2; Using Metre-Sticks and Paper 


©) Lay out the metre-sticks end-to-end and tape down a 
long strip of paper (adding machine tape) next to the 
sticks, 


© Stand at the beginning of the path, and start the stop- 
watch. Begin the motions described in step 2. but while 
you are moving, call out "Now!" every second. (If you 
find this difficult, have someone else control the stop- 
watch.) 


©) Have a partner follow you and mark your position on the 
paper or at each time interval indicated by “Now.” 


©) Repeat steps 7 and 8 as many times as necessary to 
obtain a good result. (It may take practice!) 


A Measure the positions of consecutive marks on the 
paper, and record the position-time data in a table. Use 
the data to construct a position-time graph. 


[1] Repeat the procedure, but do the movements more 
Quickly. 


Analyzing and Interpreting 


1. Label the following on the position-time graph you 
have printed or created: 
* areas of no movement 
* areas of constant speed 
* areas of acceleration 


Explain why you labelled the areas as you did in step 1 
of Analyzing and Interpreting. For example, what char- 
acteristic of the line on the graph indicates no motion? 
Constant speed? Acceleration? 


3. How are different speeds indicated on your graphs? 
Explain. 


Forming Conclusions 


4. Write a few summary sentences that answer the ques- 
tion: "What does the movement of an object look like on. 
a position-time graph?" 


5. Did your results match your hypothesis? 


Applying and Connecting 


6. Imagine a car leaving the school parking lot. It slowly 
accelerates in a straight line away from the school, and 
then travels at a constant slow speed for a period of 
time. The car then slows down as it approaches a stop 
sign, and remains motionless for a period of time. The 
car then continues in the same straight line, acceler- 
ating rapidly to a high speed. It continues at that high 
speed for a period of time before coming to an abrupt 
halt. Sketch a position-time graph of the car's position. 


Extending 


7. Refer back to the motion graphs you created in this 
activity, For the areas of the graph that indicate constant 
speed, calculate the actual speed you were travelling. 
Speed is calculated by dividing distance by time. In the 
case of the graph, this can be done for the line indi- 
cating constant speed, by calculating the s/ope of the 
line (how much the line rises or falls, divided by how 
much it runs). 
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Plotting a Velocity- Time Graph 


Again, suppose that the motorboat is accelerating in an easterly direction. A 
person on the shore uses a radar gun and records the velocity of the motor- 
boat every 1.0 s, as soon as it passes the first marker buoy. Table B1.14 shows 
the measurements taken by the person on shore. 


Change in the Velocity of the Motorboat 


Velocity-Time Graph 


Velocity v (m/s) 


Time t (s) 


(a) This graph 
Tepresents positive acceleration because 
Ihe slape is increasing. 


Velocity-Time Graph 
* 
E 
= 
= 
s 
E 
Time t (s) 


(6) This graph represents negative Practice Problem 
acceleration because the slope is. 


decreasing 17. Table B1.16 shows data for 


a Velocity-Time Graph 
Time Velocity of Boat Us 
t(s) v (m/s) [E] — 80 
w 
0.0 0.0 | z 60 
1.0 20 > 
P s M71 240 
2.0 4.0 | E 
T s20 
3.0 6.0 = 
00 7 
4.0 8.0 00 10 20 30 40 50 
50 100 Time t (s) 


feSEARCH. 


Which would accelerate the 
fastest and win a 50-m race 
between a racehorse, a race 
car, and a human? Use the 
Internet or your local library ` 
to research the acceleration 
of a racehorse, a race car, : 
and the fastest human. Using 
the data from your research, 
determine who would win 
the race. Write a brief 
summary of your findings. 
Begin your search at 
www.pearsoned ca/ 
school/science 10 


Graph of the velocity of the motorboat as 


a function of time 


The graph in Figure B1.28 uses the data from Table B1.14 to describe the 
accelerated motion of the motorboat. The graph shows the line of best fit for 
this data. This is a straight line with an increasing slope. This indicates that 
the velocity of the motorboat is increasing with time, The slope of the line of 
best fit can be calculated as follows: 


slope — E 
run 

EA Since acceleration = A. 

A At 


= acceleration 


10.0 ™ [E] — 0.0 = [E] 
s LJ 


5.08 — 0.05 


10.0 © [E] 
— EA 
5.0s 


= 2.0? [E] 
S 


The acceleration of the boat is 2.0 m/s* [E]. If the slope had a negative 
value, this would indicate that the boat had a negative acceleration. In other 
words, it was slowing down. 

Figure B1.29 shows two velocity-time graphs of accelerated motion. 
Graph (a) has an increasing slope, which indicates positive acceleration. 
Graph (b) has a decreasing slope, which indicates negative acceleration. 
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Example Problem B1.10 


Table B1.15 shows data for an object travelling with accelerated 
motion. 
a) Draw a velocity-time graph for the data shown in the table. 
b) Using the graph, identify the motion occurring in the time 
intervals given below, Justify your answer for each one. 
i) between {= 0.0 s and t = 3.0 s 
ii) between t= 3.0 s and t = 5.0 s 
iii) between t=5.0s and t = 8.0 s 


D Time and Velocity Data for Example Problem 81.10 


Velocity 
v (mis) [E] 


Velocity-Time Graph 


$0 
00 — 50 
20 4 


00 
00 102030405060 7080 
Time t (s) 


Graph of the data 


in Table B1.15 


a) Figure B1.30 shows the graph drawn from the data in Table B1.15. 
b) i) The straight line with a positive slope shows that the object 
was travelling with positive acceleration [E]. 
ji) The straight horizontal line shows uniform motion [E]. 
iii) The straight line with a negative slope shows negative 
acceleration [E]. 
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an object travelling with 

accelerated motion. 

a) Draw a velocity-time 
graph for the data 
shown in the table. 

b) Using the graph, 
identify the motion 
occurring in the time 
intervals given below. 
Justify your answer for 
each one. 

i) between t = 0.0 s 
and t=3.0s 

ii) between t= 3.05 
and t=5.0s 

jii) between t=5.0s 
andt=8.0s 


TA ii Time and Velocity 
Data for Practice Problem 17 
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Knowledge 


1. Identify the following motions as positive or 
negative accelerations: 
a) An object changes its velocity from 
10 m/s [E] to 20 m/s [E] in 4.0 s. 
b) An object changes its velocity from 
20 m/s [E] to 10 m/s [E] in 4.0 s. 
c) An object changes its velocity from 
10 m/s [W] to 20 m/s [W] in 4.0 s. 
d) An object changes its velocity from 
20 m/s [W] to 10 m/s [W] in 4.0 s. 
2. Explain how an object can be speeding up 
and have a negative acceleration. 
3. A train is travelling along a straight stretch of 
track. 
a) Identify one situation when the train 
could be exhibiting positive acceleration. 
b) Identify one situation when it could be 
exhibiting negative acceleration. 


Applications 
4. Rearrange the acceleration equation, 


„ eV 
d to solve for: 
At 


b) v, 

5. A transit bus travelling at 15 m/s [N] applies 
its brakes and stops in 3.0 s. What is the 
acceleration of the bus? 

6. A race car driver accelerates his car from 
25.0 m/s [W] to 40.0 m/s [W] in 4.00 s. What 
is the acceleration of the car? 

7. A golf ball rolling on a green slows down 
from 2.00 m/s to 1.50 m/s in 2.00 s. What is 
the magnitude of the acceleration of the ball? 

8. An object starts from rest and accelerates at 
1.30 m/s? [N] for 6.00 s. What is the final 
velocity of the object? 

9. An object, initially at rest, is dropped off a 
building and accelerates to Earth at 
—9.81 m/s? [downward]. How long will it 
take for the object to reach a final velocity of 
—49.1 m/s [downward]? 
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 L-A-— 
Time | Position of the Ball | Time Interval | Velocity of the 


10. The following table shows the data collected 
as a ball rolled down an inclined plane. 


f(s) | Down the Incline At(s) 
d (cm) Time Interval 


0.00 0.00 — — 
2.00 4.00 0.00 — 2.00 
4.00 16.00 200—400. 


6.00 36.00 
8.00 64.00 


4.00 — 6.00 
6.00 — 8.00 


10.00 100.00. 8.00 — 10.00 


a) Draw a position-time graph of the 
motion, Explain how the graph proves 
either uniform or accelerated motion. 

b) Complete the above table of values in 
your notebook, and draw a velocity-time 
graph of the motion. 

c) Using the velocity-time graph, calculate 
the acceleration of the ball. 

d) Explain how you would determine the 
displacement of the ball using the: 

i) pasition-time graph 
ii) velocity-time graph 


Extensions 


11. The position-time graph below depicts the 
motion of an object: 
a) Describe the motion in each segment. 
b) Draw a velocity-time graph to match your 
description in part (a). 


Position-Time Graph. 


y 


Uu 


i — SNA 


12. You are observing an airplane taking off from 
a runway. Describe the measurements you 
could take to determine the acceleration of 
the airplane. 


B14 Work and Energy 


The question of why objects exhibit uniform or accelerated motion puzzled 
philosophers and scientists for centuries, It wasn't until the 1600s that Isaac 
Newton described the important relationships between forces and motion. 


Activity B4 


QuickLah 


Forces 


Purpose 
To distinguish between observed forces 


Materials and Equipment 

Station 1: Station 2: 

a spring scale (20 N) a retort stand with a ring 
2 10-N weights clamp 

2 pulleys and clamps 1 10-N weight with hooks 
String on both ends 

sheet of paper string 

tape 


Procedure 

Station 1: 

@ Clamp the pulleys on opposite ends of a table. Tape the 
paper on the face of the scale to hide the reading. 

© Attach a 10-N weight to each end of the scale. Use 
enough string so that each weight hangs over a pulley 
with the scale centred between the two pulleys 
(Figure 81.31), 

© Without looking at the reading on the scale, write down 
what you think it will be. Remove the paper and record 
the reading on the scale. 


Station 2: 


© Tie a string to both ends of the weight. Attach one string 
to the ring on the retort stand, and let the other string 
hang down freely (Figure 81.32). 

© Predict which string will break when you pull on the 
lower string. Slowly and gently pull on the lower string. 
Gradually increase the "pull" until a string breaks. 


FIGURE 81.32 


© Reatiach the weight to the ring on the retort stand. 
Predict which string will break when you give the lower 
string a quick jerk. Give the lower string a quick jerk. 


Station 1: 
1. Arethere forces acting on the scale? Justify your answer. 
2. Are these forces a "push" or a "pull" on the scale? 
3. What is the cause of the forces? 
4. What reading did you predict for the scale? What was the 
actual reading? Was it the same as your prediction? 
5. Explain why the reading on the scale must be the same 
as one of the hanging weights (10 N). 
Station 2: 
6. Before you pulled gently on the bottom string, which 
string did you predict would break? Which string broke? 
7. Before you jerked sharply on the bottom string, which 
string did you predict would break? Which string broke? 
B. Explain why a different string broke in each procedure. 
(Hint: Consider the action of the hanging weight in each 
procedure.) 
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infoBIT 


One newton of force is 
roughly equivalent to the 
weight of a lemon in your 
hand. 


Fore! <>, Fore? 
=} = 
() Balanced 
forces are equal in magnitude 
(force 1 equals force 2) but opposite 
in direction. They cancel each other 
out. 


Fore! 4^ ^ Forte? 


(b) Unbalanced lorces are forces 
that are not equal in magnitude 
(force 2 is greater than force 1) or 
are not opposite in direction. 


upward force 


D 
a ball from the floor 
requires the application of 
a force to overcome the 


Force 


A ball at rest on a billiard table will remain at rest. It does not move because 
all forces acting on it are balanced (Figure B1.33(a)). Recall that a force is 
defined as a push or a pull on an object. Force is measured in newtons. The 
resting ball will only move when an unbalanced force is applied to it through 
a distance. With an unbalanced force, the force acting in one direction is 
greater than the force acting in the opposite direction (Figure B1.33(b)). If a 
person hits a stationary ball with a cue, he or she used energy to apply the 
force. The energy was transferred from the person to the ball through the cue. 
The ball then gained energy and, as a result, acquired a change in motion. 

Once an object is in motion, it tends to remain in motion, moving at a 
constant speed in a straight line. However, if an unbalanced force is applied 
to the moving ball, it will either speed up or slow down (accelerate). If the 
unbalanced force is applied in the same direction as the ball's motion, the 
ball will speed up (Figure B1.34(a)). The person applying the force to the ball 
transfers energy to the ball. If the unbalanced force, such as friction between 
the table and the ball, is applied in the direction opposite to the direction of 
the ball’s motion, the ball will slow down (Figure 1.34(b)). Without such a 
resistive force, the ball would tend to keep moving. 


(a) unbalanced 
torce moving ball speeds up 
= Ps 
/ 
im— a | f femen 


(b) moving ball slows down 


unbalanced force 
LO, {triction} 


An unbalanced force acting on a moving ball will speed up (a) or slow-down 
(b) the ball, depending on the direction of tha force 


In the absence of any external unbalanced forces, such as resistive forces, 
all objects tend to maintain uniform motion or stay at rest. An object in 
motion will stay in motion, and no energy input is required to maintain 
uniform motion. The two examples above illustrate that if an unbalanced 
force is applied to an object, energy is transferred to the object. This causes a 
change in the motion of the object. 

In Figure B1.35, the ball is lifted and held above the floor. For this to 
occur, the person had to apply a force in the opposite direction to the down- 
ward force of Earth's gravity to raise the ball. The person doing the lifting did 
work and the energy was transferred to the ball. This energy transfer results in 


loreal ore: a change in the ball's position relative to Earth's surface. 

This situation describes how one force (supplied by the person) applied 
against another force (due to Earth’s gravitational field) can result in a transfer 
of energy, resulting in a change in position of the object. 
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Figure B1.36 illustrates a person boring a hole with a cork borer. The 
person must apply a force to turn the cork borer and, in the process, the 
person uses up energy. This energy is transferred to the cork and the cork 
borer and results in a change in temperature. Both the cork and the cork borer 
will now feel warm to the touch. 

All these examples have something in common: all involve using energy 
to apply a force to an object over a distance, and the object then changes in 
some way. They are all the result of an energy transfer, and an application of a 
force applied through a distance was required to achieve the change: 
Somehow, force and energy are related. 


Work 


Whenever a force moves an object through a distance that is in the direction 
of the force, then work is done on the object. The work done is calculated by 
multiplying the force by the distance travelled in the direction of the force. 


work — force X distance the object travels 
W = Fd 
joule = newton X metre Note: N = im 
8 
1] = Nm 
1 Em 
= 
m^ 
8 
Lj 


In physics, work is a very specific term and has a more specific meaning 
than its everyday meaning, For example, you may think that studying for a 
test, or sitting at a desk and doing vour homework is doing work. After all, it 
can be quite exhausting. However, in terms of the physical definition for 
work, you are not doing work because nothing is moving or changing position. 


There are three conditions for work to be done on an object: 


1. There must be movement. 
Someone pushing against a wall with 100 N of force is not doing any 
work on the wall because the wall does not move. 


2. There must be a force. 
A person riding a bicycle that is coasting (Figure B1.37) is not doing any 
work on the bike because even though there is movement, the person is 
not applying a horizontal force to the bike. 


3. The force and the distance the object travels must be in the same 
direction. 
A person is not doing any work on a pack (Figure B1.38) when she's 
carrying it parallel to the ground because the force of her hand on the 
pack is vertical and the distance the pack travels is horizontal. 


| FIGURE 81.36 | CRG} A person applies 
à force to turn the cork borer. Energy 
Transfers to the cork borer. 


ona bicycle, the rider is travelling 
over a distance, but no force is 
being applied 


FIGURE XJ Carrying a pack 
can be strenuous, but are you doing 
work? 


ahn ska Paara Pia in Tarhnnlaninal Qvetame BHoanirac an linderetandino of Motion. Work. and Energy 157 


R0 


Activity B5 


Inquiry Lal 


Doing Work 


Before You Start... 


The energy that is supplied to do work on an object is called 
"work input." When work is done on an object, it gains 
energy. The work equivalent of this energy is called "work 
output." 


The Question 


How much work must be done to move an object a given 
distance up an inclined plane? 


Variables 


Read over the procedure and identify the manipulated, 
responding, and controlled variables in the investigation. 


Materials and Equipment 


inclined plane 


block of wood, with or without wheels, and a hook to 
attach the spring scale 


metre-stick 

Spring scale (measuring in newtons of force) 
string 

protractor 


Spring scale 


inclined plane 


ses 
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| Soent Reterence 2, 5, 6, 7, 11 


Required Skills 

= Initiating and Planning 

» Performing and Recording 

s Analyzing and Interpreting 

= Communication and Teamwork 


Analyzing and Interpreting 


1. Draw a graph of force as a function of the distance 
travelled by the block. Make sure that distance (the 
manipulated variable) is on the horizontal axis of the 
graph and force (the responding variable) is on the 
vertical axis of the graph. 


Plot the points on the graph and then draw a line of best 
fit through the points. 


Procedure 


@® Set up an inclined plane, at least 60.0 cm long, at an 
angle of about 45*, or place one end of a long board on 
a stack of books and the other end on a table so that the 
angle of the board is about 45°. _ 


0 At the 0.50-m mark, measure the vertical height of the 
inclined plane from the tabletop. Record this value in 
your notebook. 


At the 0.50-m point on the x-axis, draw a vertical line 
from the x-axis to the line of best fit. Do the same at the 
0.0 point. The figure that you have created should 
resemble a rectangle. 


Shade in this rectangle with a colored pencil. 

e Measure the weight of the block of wood by suspending 
it from the spring scale. Record this value in your note- 
book. 


© Attach one end of a string to the hook on the block of 
wood and the other end to the spring scale. 


© Piace the block of wood near the bottom of the inclined 
plane so that the spring scale is holding the block of 
wood at rest on the inclined plane. Use the marker to 
mark the position of the front end of the block on the 
board. This will indicate the starting position, 


Determine the area of the rectangle using: 
area = (length of y-axis)(width of x-axis) 
What does the value of the area under the line repre- 


sent? Look at the units of measurement of the length 
and width to help you answer this question. 


Hint: If W = Fd 


and ifarea = (length of y-axis or F) (length of 
x-axis or d ) 
then what does the area represent? 


From this starting position, use a metre-stick to 
Measure and mark the distance in 10.0-cm increments 
up the inclined plane. There should be at least five 
increments. 


Create a data table in your notebook like the one below. 
Make sure your data table has a title. 
Distance d (m) 
0,00 


Work Input 


o Using the spring scale attached to the block, slowly pull 
the block up the inclined plane (Figure 81.39). Be sure 
ta pull at a steady rate so that the block maintains the 


same speed the entire way up the inclined plane. This energy is called energy output or work output. 


© Have your partner note the reading on the spring scale 
at the initial mark and at each of the 10.0-cm marks as 
you pull the block of wood up the inclined plane. 


input should equal the total work output. 


Y Record your readings on the scale at each increment. 


The Relationship between Work Output and 


When a force is applied to move an object through a distance, work is done 
on the object. This is called the work input or energy input. The work 
input can be calculated using the formula W — Fd. Suppose the force 
applied to the object is constant throughout the distance that it acts on the 
object. In that case, a force-distance graph should be a straight horizontal 
line. The area under the line of best fit can be used to determine the work 
input. The object gains energy as a result of this work done on the object. 
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7. Is the value you calculated from the area a work input or 
a Work output? 


8. Determine the work done in lifting the block of wood a 
vertical distance by using the height of the inclined 
plane at 0.50 m, the weight of the block, and the 
formula 


W-Fd where Fis the weight and d is the vertical 


distance. 


9. Is this value a work input or work output? 


Forming Conclusions 


10. Are the values of work input and work output equal? 


11. Which value would you suggest is the "useful" work 
done? 


12. If the values are not the same, suggest reasons why 
they are not the same. 


Extending 


13. Conduct the experiment again after changing the height 
of the inclined plane. Predict how the experimental 
results vill change. 


ESEARCH 


> The unit for specifying the 
amount of work done is given 
in joules. Use the Internet or 
: the local library to research the 
© origin of the name for this 
© unit. Write a brief summary of 
your findings. Begin your 
$ search at 
www pearsoned cal 
school/science 10 


In the absence of any outside forces, such as friction, the total work 
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Example Problem B1.11 Check and Reflect 
A weightlifter lifts a barbell a vertical distance of 2.40 m. If the average 


force required to lift the barbell is 2.00 X 10? N. how much work is done i in slidi 
BV Knowledge 9. A person applies a force of 30.0 N in sliding 


an object 1.30 m up a ramp. What is the work 


: z oe 

Practice Problems W = Fd E eee ise an example in your done by the person along the ramp? Is this 

= (2.00 X 10 N)(2.40 m) P 4 work a work input or a work output? 

18. A tugboat is towing a tanker through a canal 2 What happens to an object when work is 10. The graph below shows the relationship 
using a towrope. Calculate the work done by the 5 done on it? between the constant force applied as a 
tugboat if it applies an average horizontal force of The work done by the weightlifter is 3. Explain how force, energy, and work are function of the distance that the object is 
6.50 x 10° N on the towrope while towing the 4.80 X 10? J or 4.80 K. related. moved 


tanker through a horizontal distance of 150 m. 
$ 4. Force is measured in newtons, which is a 


19. A large crane did 2.2 x 10* J of work in lifting a derived unit. What is one newton (N) in Force-Distance Graph 


demolition ball a vertical distance of 9.5 m. 


Calculate the average force exerted by the chai terms of the fundamental units of z 50 
exerted by the chain t i kg. and s? 3 
of the crane on the demolition ball. : FFF = 
Applications = 
2 
5. Explain why there is no work being done by 0 i 25 
Energy the student in the following situations: D the Object Moves d (m) 


a) studying two hours for a test 
b) carrying a book across the room 
c) dropping a ball 


If a body has energy, then the body can do work by transferring the energy to 
another object. This leads to the definition of energy. Energy is the ability to 
do work. Work and energy are actually the same thing. If a body does work on 


a) Calculate the area under the line for the 
distance from 0 m to 100 m. 


an object, then the body doing the work loses energy, and the object that has 6. Calculate the work done in each of the b) What does the area under the line 

work done to it gains energy. For example, à pool cue loses energy as it hits a following situations. " 3 represent? 

ball, and the ball. once hit, gains the energy the cue loses, An energy transfer a) A 98.0-N rock is lifted a vertical distance A 

has occurred. of 1.50 m. Extensions 
Since work and a change in energy are the same, then they must have the b) A boy applies a horizontal force of 25.0 N 11. Does your heart do work? Explain. 

a its. is given in j salsa BUE IRI lei d pushes it 2.00 m 

Same units. If work is given in joules (J), then energy is also given in joules. eae s: 12. A weightlifter strains to lift a 1000-N barbell 

change in energy = work c) A mother cat picks up a 2.00-N kitten in a vertical distance OF 2:30 m from the ground 
AE = W her mouth and lifts it vertically 0.100 m. to a position above his head. He then holds 
With the kitten in her mouth, the mother the barbell above his head for a time period. 


J=J 


Is he doing more, less, or the same work 


ies the kitten 10.0 m across 
emiten vere uie holding the barbell above his head as 


men. pared to the work done in lifting the 
Example z " com 
. r ; 55 7. A worker does 43.0 J of work in moving an barbell to that position? Justify your answer. 
A weightlifter does 4,80 x 10* J of work in lifting a barbell. How much object 3.20 m horizontally across a floor. R 
F How much force did the worker exert in 13. Is the force of gravity a push or a pull? 
Since AE = W doing the work on the object? Explain your answer. 
Practice Problem Gnd 00 8. A machine does 2.00 X 10* J of work in 14. A spacecraft has left Earth's atmosphere and 
20.A d B : 4 lifting an object. If the force exerted by the is travelling through space to the Moon. 
%%% 2S} then AE = 4.80 x 10? J machine was 1.20 X 10° N. how high did the Explain why the engines in the spacecraft 
F 5 biect? j can be shut off at this point and the 
How much energy is gained machine lift the object? 


spacecraft will still reach the Moon. 


by the object? 
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Knowledge 


1. What is the difference between uniform motion 
and accelerated motion? 


2. What is the difference between average speed 
and average velocity for an object? 


3. Does a car's speedometer measure the speed or 
the velocity of an object? 


4. What does the slope of a distance-time graph 
indicate? 


5. Identify the following measurements as scalar or 
vector quantities, 


a) 2.30 km d) 25 cm [S] 
b) 40 km/h [W] e) 2.0 h 
c) 50°C 


6. Describe the type of motion that an object will 
have if: 
a) balanced forces act on the object 
b) an unbalanced force acts on the object 


7. Why do work and energy have the same units? 


8. If 15.0 J of work is done on an object, how much 
energy must the object gain? 


Applications 


9. A dog walks a total distance of 23.0 m in 14:2 8. 
What is the average speed of the dog? 


10. A motorboat moving at an average speed of 
5.30 m/s travels in a straight line for 55.0 s. 
What is the distance travelled by the boat? 


11. An airplane flying at an average speed of 
800 km/h travels from City A to City B. a 
distance of 4200 km. How long will it take the 
plane to complete its journey? 


12. The table at the top of the next column shows 
data obtained when a police radar gun measured 
the speed of a car at 1.00 s intervals, 

a) Draw a speed-time graph with time on the 
horizontal axis. 

b) Calculate the slope of the graph and state 
what this slope represents. 

c) Calculate the area under the line of the graph 
and state what this area represents. 


13. 


14. 


15. 


16, 


Time Speed 
tis) vimis) 
0.00 20.0 
1.00 298 
200 ] 201 
300 199 
400 . 200 
5.00 202 
=i 


A student walks 2.0 m [E], then 5.0 m [W]: 

a) What is the total distance travelled by the 
student? 

b) What is the total displacement of the 
student? 


The motion of objects A and B are representod 
by vector arrows shown in the diagram below. 
State the direction of vectors A and B using: 
a) the navigator method 
b) the x-axis method 


A jogger runs 500 m [N] in 150 s, then turns 
around and runs 300 m [5] in 100 s. Determine 
the jogger's 

a) distance travelled 
b) displacement 


c) average speed 
d) average velocity 
The table below shows data for an object 
travelling at a uniform velocity, 


Time Position 
t(s) d (m) [N] 
0.00 zi 0.00 
2.00 6.00 
4.00 12.00 
6.00 18.00 
8.00 24.00 
10.00 30.00 


a) Draw a position-time graph of the object. 
b) Calculate the slope of the graph and describe 
what this value represents. 


17. A ball, initially at rest, rolls down an incline and 
speeds up to 4.50 m/s in 8.00 s. What is the 
magnitude of the ball's acceleration? 


18. A car accelerates from rest at the rate of 
3.00 m/s* [W] for 4.00 s. What.is the velocity of 
the car at the end of the 4.00 s? 


19. How long will it take for a girl running at a 
velocity of 2.50 m/s [N] to reach a velocity of 
4.00 m/s [ÎN], if she is accelerating at the rate of 
0.500 m/s? [N]? 


20. The velocity of an object was recorded each 
second for 5.00 s, as shown in the table below. 
a) Plota velocity-time graph. 
b) What does the shape of the graph indicate 
about the object's motion? 


1.00 3.00 
2.00 6.00 
| 3.00 9.00 
4.00 | 12.00 
5.00 15.00 


21. What is the unbalanced force acting on the 
following object? 


30N 


22. A force of 15.0 N moves an object through a 
displacement of 40.0 m. What is the work done 


on the object? 

23. A force of 35 N acts on an object through a 
vertical displacement of 3.0 m. How much 
energy does the object gain? 


24, Moving a crate through a horizontal 
displacement of 10.0 m causes 350 J of work to 
be done. How much force must be applied to the 
crate to do this work? 


Extensions 


25, a] Can the displacement of an object from its 
starting position ever be greater than the total 
distance travelled? 

b) Can the total distance travelled of an object 
ever be greater than the displacement of the 
object from its starting position? 


26. Is it possible for an object to have an average 
speed of 2.0 m/s and at the same time have an 
average velocity of 0 m/s? Justify your answer. 


27. A car travels at a velocity of 100 km/h [E] for 
3.00 h and then at a velocity of 110 km/h [E] for 
1.00 h. What is the average velocity of the car? 


28. The motion of a vehicle is shown in the 
position-time graph shown here. 
a) Describe the motion of the vehicle in each of 
the segments shown in the graph. 
b) Draw a velocity-time graph of the motion of 


the vehicle. 
Position-Time Graph 
= 
"s 
E 
— 
£ 
Time t (s) 


29.a) Acar on a journey from Edmonton to Red 
Deer is travelling at a speed of 100 km/h. 
Does the engine of the car have to be 
operating to provide the necessary energy to 
maintain this constant speed? Explain your 
answer. 

b) A spacecraft is travelling at a speed of 
28 000 km/h on its way to Mars. Do the 
engines of the spacecraft have to be operating 
to provide the necessary energy to maintain 
this constant speed? Explain your answer. 
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Key Concepts 

In this section, you will learn about the 

following key concepts: 

* forms and interconversions of energy 

* machanical energy conversions and work 

* design and function of technological 
systems and devices involving potential and 


kinetic energy, and thermal energy 
conversions 


Learning Outcomes 
When you have completed this section, you 
will be able to: 


* illustrate, by use of examples from natural 
and technological systems, that energy 
exists in a variety of forms 
* describe, qualitatively, current and past 
technologies used to transform energy from 
one form to another, and that energy 
transfer technologies produce measurable 
changes in motion, shape, or temperature 
* analyze and illustrate how the concept of 
energy developed from observation of heat 
and mechanical devices 
* describe the evidence for the presence of 
energy (ie, observable physical and 
chemical changes, and changes in motion, 
shape, or temperature) 
* derive the SI unit of energy and work, the 
joule, from fundamental units 
* define kinetic energy as energy due to 
motion, and define potential energy as 
energy due to relative condition or position 
* quantify kinetic energy using & = im 
and relate this to energy transformations 
* relate gravitational potential energy to work 
done using E, = mgh and W= Fd and show 
that a change in energy is equal to work 
done on a system or AE= W 

* describe chemical energy as a form of 
potential energy 

* define gravitational potential energy as the 
work done against gravity 


Energy in mechanical systems can 
be described both numerically and 


graphically. 


dui ARN Inuit doing a blanket toss 


visit to Canada's Far 
North can be espe- 
cially exciting if you 


happen to visit an Inuit settle- 
ment that is hosting the Arctic 
Summer Games. The games 
include traditional challenges 
like the blanket toss shown in 
Figure B2.1. In this activity, a 
group of Inuit men and 
women all hold on to a large 
circular blanket (originally, it 
used to be a large animal 
hide). By setting up a rhythm. 
they can toss a person on the 
blanket high into the air. 
"Today, the blanket toss is only 
for recreation, but it used to 
serve an important purpose. In 


the flat barren lands of the northern tundra, there are few high hills or 
ridges to climb to survey the landscape. By being tossed into the air, 
a hunter could see over the horizon and locate herds of caribou. 

The blanket toss is similar to a trampoline and is a good example 


of an energy transformation. 


In the previous section, you studied motion and learned how to 
use formulas and graphs to describe it. You also studied how work, 
force. and energy are related. In this section, you will learn about the 
different forms that energy can take. You will also learn how trans- 
formations from one form to another are put to use in technological 
systems. You will learn how to quantify the potential and kinetic 
energy of an object and how mechanical energy combines both 


kinetic energy and potential energy. 


B Ll Forms of Energy 


The idea of energy eluded early scientists because energy is a very difficult 
concept to define. Ask what the definition of energy is, and what comes to 
mind are visions of what energy can do. For example, the Sun’s energy causes 
snow to melt in the spring. We know that a person who has just run a 
marathon has used up a lot of energy, We only see the evidence of energy 
when something is done. So it is not surprising that the development of the 
concept of energy went hand in hand with the development of technologies 
that used energy. It was only through observing the changes in these tech- 
nologies that scientists started to get a clear picture of the concept of energy. 

By the 1850s, scientists were convinced of the existence of a scientific 
concept called energy. However, energy was still difficult to describe because 
it involves only an abstract idea, not a material object. Experimental evidence 
had supported the theory that heat was just another form of energy and that it 
could be converted into other forms following certain principles. With these 
scientific breakthroughs, scientists realized that other physical phenomena 
in science might be explained in terms of energy, and that other forms of 
energy might exist. 


Chemical Energy 


From the experiments of the early alchemists, it was known that there were 
"hidden secrets" in chemical reactions. While they tried to make gold by 
mixing the four known elements (earth, air, fire, and water), the alchemists 
began to discover that mixing certain chemicals could produce surprising 
results. Thus the science of chemistry began. However, it was not until the 
early 1800s that French chemist Antoine Lavoisier realized that when equal 
amounts of different substances burned, the chemical reactions could 
produce different amounts of heat. With this discovery, chemists and physi- 
cists shared a common interest in heat. 

When wood burns, the energy in the cellulose molecules is released, 
turning to heat. This is evidence that there is energy in a chemical reaction, 
and that this energy can be converted to heat. Chemical energy is the poten- 
tial energy stored in the chemical bonds of compounds. The food you eat 
contains chemical energy that the body uses to do work in the cells. 


Electrical Energy and Magnetism 


Electricity, or electrical energy, is the work done by moving charges. The 
Volta Pile (Figure B2.2) is made of stacked layers of two different metals such 
as copper and silver, with moistened paper sandwiched between each layer. 
Ifa wire is connected from either end of the stack to an external circuit, the 
Volta Pile can produce a constant electric current. Invented by Italian physi- 
cist Alessandro Volta in the early 1800s, this device constituted the first 
battery. It provides evidence of a connection between chemical energy and 
electrical energy, The study of current electricity and electrical energy thus 
began. 


Casper 


The word “energy” comes 
from the Greek word 
energos, meaning “active.” 
It was originally used only 
to describe anything in 
motion. 


The Volta Pile— 


the first batlery—was invented by 
Italian physicist Alessandro Volia, 


T Dies BB ocak on Oe T NAE UP Pica en Cnm “en 


Compass, the compass needle moves 


Oersted's experiment. As a metal wire 
‘ent passing through it passes over the FIGURE 


By moving a magnet through a coil 
ol wire, Faraday developed the first electric generator. 


If you hold a magnet above iron filings, the filings move toward the 
magnet, indicating that magnetism is a form of energy. 

In 1820, Danish physicist and philosopher Hans Oersted discovered that 
an electric current in a wire could produce magnetic effects. By accident, he 
passed a metal wire that had a current passing through it over a compass. As 
he did this, he noticed that the compass needle moved (Figure B2.3). This 
change in the needle’s position showed that electricity can produce 
magnetism. This discovery led to the invention of the electromagnet. 

While Oersted showed that electricity can produce magnetism, Michael 
Faraday in London, England, in 1831 showed that the reverse can happen. He 
moved a magnet through a coil of wire and observed that this caused an elec- 
tric current to flow through the wire (Figure B2.4). 

In 1821, Estonian-German physicist Thomas Seebeck took a strip of one 
type of metal and joined its ends to a strip of another type of metal to form a 
loop (Figure B2.5). He heated one of the junctions of the two metals and kept 


compass needla 


EB Seebeck’s 
thermoelectric converter showed that 
heat could he converted into 
electricity, 


the other cold. The difference in temperature between the junctions caused 
the electrons inside the metal to move, producing an electric current. The 
magnetic field created by the current caused a compass needle to move. 
This experiment was evidence that heat could be converted into electricity. 

The invention of the light bulb by American Thomas Edison in the late 
1800s showed that heat and light are two forms of energy that could be 
produced from electricity. 


Nuclear and Solar Energy 


In France, in 1896, Henri Becquerel observed that certain atoms spontane- 
ously disintegrate, and in the process, emit radiation or radiant energy. This 
led to the development of a new source of energy, nuclear energy. Nuclear 
energy is the potential energy stored in the nucleus of an atom. When the 
nucleus of an atom is split (nuctear fission) or when the nuclei of two atoms 
combine (nuclear fusion), this enengy is released. 

Originally, scientists thought that the source of energy in the Sun was 
chemical energy from burning. However, they soon realized that it would 
take only about five thousand years before all the mass of the Sun was 
burned up completely. Once the secrets of nuclear fission and fusion reac- 
tions were discovered, scientists then understood that these reactions must 
be the source of energy in the Sun. Solar energy results from a 
hydrogen-hydrogen nuclear fusion reaction with the release of nuclear 
energy. This radiant energy travels to Earth as electromagnetic radiation, It is 
converted to other forms of energy such as heat. 


Motion and Energy 


When a group of English scientists watched a demonstration of a Newton's 
cradle (Figure B2.6) in 1666, it caused great concern. They had no idea why 
the ball on the opposite side rises to nearly the same height as the first ball. 
At that time, there were no theories to explain the ball's motion. 

About 20 vears after this demonstration, German philosopher and math- 
ematician Gottfried Leibniz reasoned that whatever caused the ball to move 
resembled a force that seemed to be transmitted through the balls. He called 
this physical quantity vis viva, a Latin word meaning “living force." (The 
term "energy" wasn't used until the 1850s, but for simplicity, "energy" is 
used here instead of vis viva.) He also reasoned that two types of energy 
could be observed in nature. 


1. Flowing water, wind, or any object in motion could be made to do 
work because of its motion, and thus has kinetic energy. 


2. An object raised above Earth's surface has the potential to do work 
because of its position, and thus has gravitational potential energy. 


Although Leibniz had mistaken energy for a force, his definitions of 
kinetic and potential energy were accurate. The sum of the energy of motion 
and position is known as mechanical energy. 


bali on one side is pulled away à 
certain distance and released, il 
swings back and collides with the 
other balls in a line. After the 
collision, the first ball remains 
nearly motionless, while a ball at 
the oppasite end rises to almost 
the same height. 
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Activity B& 


Inquiry Lal 


Mechanical Energy and Heat 


The Question 


What is the relationship between mechanical energy and 
heat? 


The Hypothesis 


In this activity, you will be applying mechanical eneray to a 
system. State a hypothesis about the relationship between 
the amount of mechanical energy you apply and the heat 
gained by the system. 


Variables 


Read through the procedure for this experiment. Identity the 
manipulated, responding, and controlled variables. 


Materials and Equipment 


300 mL of water at room temperature 


500-mL beaker 
thermometer 
egg beater 


© Construct a table like the one below to record your data: 


Required Skills 
Initiating and Planning 


c 2,7 | 


Performing and Recording 
Analyzing and Interpreting 
Communication and Teamwork 


© Pour the water into the beaker. Use the thermometer to 
measure the temperature of the water. Make sure that it 
is at room temperature (about 25°C). Record this value 
in the temperature column in your table at time 0 min. 


© Place the egg beater in the water and beat the water at a 
steady rate for 2 minutes. Quickly record the final 
temperature of the water. 


Æ Repeat procedure step 3 four more times. Make sure 
that you begin the next 2-minute period of beating 
quickly, to prevent the water from cooling off. 


Analyzing and Interpreting 


1. Using your data, draw a graph of temperature as a func» 
tion of the time you used the egg beater. 


2. What is the shape of the line of best fit of your graph? 
What does this shape indicate about the relationship 
between the time of beating and the temperature of the 
water? 


3. Which of the variables on the graph corresponds to the 
mechanical energy applied to the system? 


4. Which of the variables on the graph corresponds to the 
heat gained by the system? 


Forming Conclusions 


5. Based on your graph, explain the relationship between 
the mechanical energy applied to the system and the 
heat gained by the system. 


6. Does the experiment prove your original hypothesis? If 
not, modify your hypothesis to fit the results of your 
experiment. 


Heat and Energy 


At about the same period, other scientists were puzzling over what caused 
heat. The ancient Greeks had no knowledge of the concept of energy, but they 
speculated about what the heat from fire actually was. One group of Greek 
philosophers, called Atomists, thought that heat was somehow related to the 
motion of "atoms," or tiny particles, within a substance. However, this idea 
seemed ridiculous to another group of Greek scientists who believed that the 
existence of atoms was impossible. Thus, the relation of heat to atomic 
motion was largely forgotten until the 1700s. 

In 1750, Scottish physician Joseph Black observed that when a cold 
object is placed in a cup of hot water, and then removed, the object becomes 
much warmer. He explained this by suggesting heat was an invisible fluid, 
called a caloric fluid. which flows naturally from hot to cold things. Black 
mistakenly thought that a substance was being transferred from the water to 
the spoon. However, his observation on the flow of heat became one of the 
principles of thermodynamics, a science dealing with the study of the inter- 
relationships of heat, work, and energy. 

While Black was trying to perfect his caloric theory for heat, other scien- 
tists were reviving the theory that atomic motion explained heat. They 
suggested that the movement of atoms within a substance determines the 
thermal energy of the substance. Atoms move or vibrate more quickly in hot 
than in cold substances. The transfer of this thermal energy from a hot object 
to a cold object is defined as heat. 


Heat and Mechanical Energy 


In 1800, American-born Benjamin Thompson, who later became Count 
Rumford, became the minister of war in Bavaria. While supervising workers 
boring brass cylinders to make cannons, he noticed that a huge amount of 
heat was being generated in the bored metal. In fact, he could boil a kettle of 
water on the cannon. He also noticed that this supply of heat was endless, so 
long as the workers continued boring the hole. The experiments of Count 
Rumford produced strong evidence that heat was not a fluid as Black had 
thought. According to the caloric theory, the cannons would have run out of 
fluid at some point, but they never did. Rumford suggested that heat could be 
manufactured by the motion of the workers. He was the first to realize that 
heat and mechanical energy were related. 

Scientists then started to realize that heat and mechanical energy were 
different types of energy that could be converted from one to the other. 
Around 1807, English physicist Thomas Young linked mechanical energy to 
Leibniz's theory of kinetic and potential energy in moving objects. While 
Leibniz thought an object had either kinetic or potential energy, Young 
correctly suggested that mechanical energy combined both kinetic and 
potential energy. He also thought that mechanical energy was related to the 
work a system can do. This led to the current definition of energy, which is 
the capacity to do work. 


— MOBT 


The term "calorie," which we 
commonly use to describe 
the energy content in foods, 
was called “caloric” by the 
Calorists in the 1700s. They 
literally burned food and 
measured the amount of 
heat it produced. 


Traditionally, First Nations 
peoples used a wooden drill 


: to start fires for cooking, 


warmth, or drying food. The 
drill consisted of a stick 
with a string (made of tree 
foot or sinew) wound around 
it, a hand rest, and a 
wooden base. Pulling the 
string turned the stick 
rapidly in the wooden base. 
This drilling mation 


generated enough heat to 


start a fire. 
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Though Benjamin Thompson 
spent most of his life in 
England and became Count 
Rumford in Bavaria, he was 
actually born in America. 
Use the Internet and other 
sources to research the life 
of Thompson. Write a brief 
summary of his 
achievements. Why did he 
not live in America? 
Begin your search at 
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between potential energy and heal 


thermometer 


Joule’s Experiments 


Later, Sadi Carnot, a French engineer, performed experiments in an attempt 
to transform heat into mechanical energy. He discovered that the transforma- 
tion of heat into mechanical energy could only occur when thermal energy 
flows from a hot object to a cool object. He also discovered that in this 
process some heat is always lost. From these experiments, he was able to 
determine the laws of heat efficiency of heat engines. 

By 1840, it was widely accepted that heat was not a physical substance. 
Scientists now realized that heat could be exchanged for mechanical energy. 
This led to the birth of a new concept. In England, James Prescott Joule prop- 
erly substituted the term “energy” for vis viva. He argued that heat is just 
another form of energy. 1 

Figure B2.7 illustrates Joule's experiment that supports à connection 
between potential energy and heat. As the masses fall, the wheel rotates, 
heating up the water. If the masses are increased, there is a proportional 
increase in the amount of heat produced, and thus a proportional increase in 
the water temperature. Joule explained these findings. As the masses fall, they 
lose gravitational potential energy. The paddle has work done to it so it gains 
the energy the masses lose, in the form of kinetic energy, which is then trans- 
formed into heat. 

Figure B2.8 illustrates Joule's experiment that supports a connection 
between kinetic energy and heat. In this experiment, a block of wood is in 
motion and so has kinetic energy as it falls. However, it loses Kinetic energy 
when it collides with the other block. During the collision, the temperature of 
the other block increases. When the speed of the falling block is increased, its 
kinetic energy is also increased, and a corresponding temperature increase 
happens in the other block. Again, Joule explained these observations. As one 
block collides with the other, the first loses kinetic energy and the second one 
gains this energy in the form of heat. 

Early scientists and engineers wanted to use energy to do useful work. 
They created technologies and they refined them. Scientists’ concepts of 
energy, work, and heat were also refined, ultimately leading to the principles 
of thermodynamics, which you will study in section B3.0. 


thermometer 
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A Masses 


talling block 


Stationary block 


Joule's experiment that supported a connection 
between kinetic energy and heat 
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Perry Ambrose has worked for 
13 years as a Power Engineer at 
EPCOR's Rossdale Generation 
Station in Edmonton. EPCOR is 
an Edmonton-based utility 
Company thal focusses on 
power generation, distribution, 
and transmission. 


Power Engineer 


Describe your job. 

Generally speaking, I am responsible for ensuring that the power plant is 
operating safely, reliably, and efficiently. My duties include monitoring 
and evaluating all equipment and systems that keep the plant running, 
and ensuring that we are adhering to environmental standards. I am also 
required to respond to “load changes," which means starting and stop- 
ping the power generators when necessary. 

At the start of my 12-hour shift, T check on the equipment. I start at the 
top of the boiler and walk down it, looking and listening for leaks or other 
problems. 

After that, I check the turbine-generator for problems with the oil 
pressure and temperature, and look for abnormal conditions. I then check 
the pumps, feedwater heaters, and compressors for abnormal conditions. 
Then, I take water samples from the boiler and check them to ensure we 
have the right chemicals in the boiler water. The rest of my shift is spent 
checking equipment, isolating equipment for maintenance work, and re- 
doing the troubleshooting rounds. 


What education is required to do your job? 

I went through the power-engineering program at the Northern Alberta 
Institute of Technology (NAIT). Anyone interested in this line of work 
should have strong math and physics skills and a mechanical aptitude. 


What are the possibilities for a career in this field? 

You can use these job skills in other areas besides power generation. For 
example, you can be a process operator in the pulp, paper, and petro- 
chemical industries, or work in any area related to pressure vessels and 
inspections. The settings can also vary. You can even decide to pursue a 
career with the government's boilers branch. The majority of these jobs 
entail shift work. 


What is the most interesting part of your job? 

Personally, I like the troubleshooting aspect of the job. This gives me the 
greatest sense of accomplishment. A lot of the work is predictable, but 
when alarms go off, you have to be ready to identify and correct the 
problem right away. This could mean determining why a piece of equip- 
ment isn't working, or whether a valve is malfunctioning. In the end, if 
the plant's process isn't running as smoothly as it should, then it's your 
job to find out why. 


1. What education is required to pursue a career as a power engineer? 


2. What aspect of a career in power technology would you find most 
interesting? 
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Check and Reflect 


Knowledge 


1. Oersted showed experimentally that 
electricity can produce magnetism. Who 
demonstrated that magnetism can produce 
electricity. which is the reverse? 


2. For each of the following scientists, describe 
his invention, the type of energy the inventor 
was able to produce, and how it was 


produced. 

a) Oersted d) Edison 
b) Faraday €) Volta 
c) Seebeck 


3. For each of the inventions identified in 
question 2, state a practical use of the 
invention today. 


4. What is the difference between nuclear 
fusion and nuclear fission? How are they 
similar? 


5. What did early scientists think was the 
source of energy from the Sun? Why was 
their theory not accepted? 


6. What is the modern theory of the source of 
energy from the Sun? 


7. Why was it difficult for ancient Greek 
scientists to define energy? 


8. In the Newton's cradle demonstration, how. 
did the scientists of the 1600s explain the 
fact that the ball at the opposite end of the 
row would rise to the same height? 


9. Describe the contributions the following 
people made to the nature of heat: 
a) Sadi Carnot c) Joseph Black 
b) James Young d) Count Rumford 


10. Using Figure B2.7, explain how Joule proved 
that heat could be produced from potential 
energy. In your description, state the 
manipulated variable and the responding 
variable, and describe how a change in the 
manipulated variable affected the responding 
variable. 


Applications 


11. In your science classroom, list all the 
different forms of energy you can see. 


12. Given the following situations, identify the 
major form of energy involved. 
a) Anantacid tablet is placed in a glass of 
water and tho tablet starts to bubble. 
b) A fluorescent dial on a wristwatch glows 
at night. 
c) A downhill skier begins toski down the 
slope with increasing speed. 
A tingling sensation is felt on the tongue 
when it is touched to the terminals of a 
9-V battery? 
e) The inside of a car gets extremely warm if 
the car is left in the sunshine. 
f) A seagull lifts a clam high above the 
beach. 
g) A compass needle held over the surface of 
Earth points north. 


d 


13. Describe an appliance or machine that, for its 
operation, requires the following forms of 
energy: 

a) chemical 
b) light 
c) heat 
d) electrical 
e) magnetic 


14. Describe an appliance or machine that 
produces the following forms of energy, as it 
operates: 

a) chemical 
b) light 

c) thermal 
d) electrical 
e) magnetic 


Extension 


15. How would you design an experiment to 
investigate whether sound is a form of 
energy? 


Bee Potential Energy 


Sometimes, the force applied to an object is being used not to change the 
motion of the object, but to oppose another force acting on the object. In 
Figure B2.9, a force is applied to lift the car on the midway ride against the 
downward force of Earth's gravity. Application of an upward force to lift the 
car through a vertical distance results in work being done on the car. Recall 
that if work is being done, the person or object doing work must lose energy. 
This energy is transferred to the car, and the car gains kinetic energy. 
However, when the car reaches the top, it stops gaining kinetic energy 
because it is no longer moving. What has happened to the energy? 

The car has gained potential energy. In some cases, an object may store 
energy because of its position relative to some other object. It is called 
potential energy because it has the potential to do work. Potential energy is 
energy that is stored or held in readiness, There are several types of potential 
energy, The type of potential energy depends on how the energy is stored. 


Gravitational Potential Energy 


In the case of the midway ride, a force is applied against the force of gravity 
(or the weight of the object), resulting in energy being stored. The energy 
stared in the car at any position above Earth is called gravitational potential 
energy, Ey; 

Note that there is an important difference between the mass of an object 
and its weight. Mass (m) is a scalar quantity and is measured in kilograms 
(kg). The weight of the object (W) is a vector quantity. It is a measure of the 
force of gravitational attraction on an object in newtons (N). The mass of an 
object does not change because the amount of matter the object possesses is 
constant. However, the weight of an object depends on the acceleration due 
to gravity (£), and this value changes, so the weight of an object can change. 
For example, on the Moon. you would weigh less than you do on Earth 
because gravity is weaker on the Moon. But your mass would be the same 
because the size and shape of your body hasn't changed. 


The equation that determines the weight of an object from its mass is: 
W= mg 
Suppose a person has a mass of 50.0 kg on the surface of Earth where the 


value of the acceleration due to gravity is 9.81 m/s*. The person's weight 
would be: 


W= mg 
= (50.0 kg)(9.81 m/s?) 
=491N 


The acceleration due to gravity (F) represents the strength of Earth's gravita- 
tional field, Its value near the surface is 9,81 m/s’. You will learn more about 
E in future science studies. 


FIGURE B2.9 As the car on the 
ride slowly rises, it gains anergy 
from the work being done to litt it, 
Once at the top, it still has energy 
even though it is not moving, As the 
tides car falls, it starts to lose the 
gravitational potential energy it 
gained. 


| fomir 


Isaac Newton was the first 
to realize that the natural 
state of all objects was to 
maintain uniform motion or 
stay at rest. He also noted 

that all objects tend to 
resist a change in this state. 
This tendency to resist a 
change in motion is called 
"inertia." It is a property of 
all matter. The more massive 
an object is, the harder it is 
to change its motion; thus 
the more inertia it has. This 
led to a definition of mass 
as "the amount of inertia an 
object possesses." 
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i To calculate the gravitational potential energy, use the following formula: 
infoBIT 8 P 8 E Example Problem B2.2 


A 55.0-kg diver standing on a diving platform has a gravitational potential 
energy of 5.40 x 10° J. What is the vertical height of the diving platform? 


gravitational potential energy = work done to lift object through a 
vertical height 


Ww 


The top block of limestone 
on the Great Pyramid in 
Giza, Egypt, has a mass of 


about 1 tonne. To lift it into B, mgh 
position, workers had to do Fd 
approximately 1 400 000 J J-2N h= E 
of work against the force of mov mg 
gravity. This work has been J=} 
stored in the limestone — 5.40 x 107] 
adis 0 Sa 
Los com eue OR (55.0 kg)(9.81 =) 
potential energy for almost gravitational potential energy = (mass of object)(acceleration due to 
Sone eats: i gravity)(height above th d) X 
vity)(height above the groun 5.40 x 107 X& 
Epu = mgh es 
be = NB (55.0 k6)(9.61 72) 
J = (kg)(m/s*)(m) 
J=J Y = 10.0m 
Note: g = acceleration due to gravity The vertical height of the diving board 
= 9,81 m/s? is 10.0 m. Practice Problems 
(Use the scalar value of the acceleration due 2. An 800-g bird has 47.0 J of gravitational potential 
to gravity in all calculations involving energy when it is perched high up in a tree. 
gravitational potential energy.) Calculate the bird's vertical height from the ground. 


3. A hanging sign is 3.00 m above the ground and has 
1.47 X 10! J of gravitational potential energy. 


Example Problem B2.1 Calculate the mass of the sign. 


A 3.00-kg box is lifted by an upward force 1.50 m above the surface of 
Earth to the top of a table, What is the potential energy stored in the box 
at this new position? 


Ej = mgh Elastic Potential Energy 


(3.00 kg)(9.81 m/s*)(1.50 m) There are other situations in which a force can be applied 
against an opposing force, resulting in a change in potential 
energy. If a force is used to stretch an elastic, the force acts 
against the elastic force of the material. This results in a 
change in the shape of the elastic and in energy being stored. 
This energy is called elastic potential energy, Eu. This is 
also the type of energy stored in a stretched or compressed 
1. A child with a mass of 25.0 kg is at the top of a spring, a trampoline (Figure B2.10), ora spring diving board. 
slide in an amusement park. If the vertical These are all examples of work being done by applying a 
height of the slide is 4.00 m, calculate the force through a distance against an opposing force, which 
gravitational potential energy of the child results in an energy transfer to the object. This energy is then 
relative to the ground. stored in the object as potential energy. 


ll 
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The gravitational potential energy of the box is now 44.1 J. 


Practice Problem 


tching force 


FldufkE BZ. 10 The person exerts a st 


rampoline. 
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Inquiry Lal 


Catapults 


The Question 


What is the relationship between the gravitational potential 
energy of a ball on a catapult and the elastic potential energy 
of the catapult's elastic band? 


The Hypothesis 


State a hypothesis concerning the relationship between the 
gravitational potential energy of a small object propelled 
upward by a catapult and the elastic potential energy of the 
catapult's elastic band. 


Variables 


Read over the procedure and identify the type of data you 
will collect to support your hypothesis. State the manipu- 
lated, responding, and controlled variables in this 
investigation, 


Materials and Equipment 
10-N spring scale (measuring in newtons (N)) 
balance (measuring in grams (g)) 

empty paper towel tube or plastic tube 

rubber elastic band about 5 mm thick 
metre-stick 

retort stand 

small cork 


Required Skills 

© Initiating and Planning 

- Performing and Recording 
- Analyzing and Interpreting 


| Student Reference ERE] 


» Communication and Teamwork 


Procedure 


@® Follow the instructions to make a catapult launcher. 

a) Cut the elastic band. 

b) Tape the elastic to the paper towel tube so that the 
elastic is fairly taut over one end of the tube. 

c) Tie a piece of string to the centre of the elastic and let 
the string hang down through the tube. 

d) Make a loop at the other end of the string. Attach a 
spring scale to this loop (Figure 82.11). 


© Tape the metre-stick to a retort stand in a vertical posi- 
tion. Place the stick and the stand close to the edge of a 
table. 


© Hold the tube vertically with the elastic end up. Place it 
near the bottom of the metre-stick. 


o Note the position of the elastic on the metre-stick. 
Record this value as the initial distance of the spring 
scale in your data table. 


@ Place the cork on the elastic band. 


[5] Slowly pull down on the spring scale and note how far 
you pulled it down. Record this value as the final 
distance of the spring scale in your data table. 
Remember to convert the distance to metres. 


o Note the reading on the spring scale. This is the 
maximum force on the elastic. Find the average force, 
F, by dividing the maximum force, Frau by 2. Record 
the average force in your data table. 


(D) Make sure the tube is vertical and then quickly cut the 
String. 


Elastic and Gravitational Potential Energy and 


Catapults 


oO Note the distance the cork rises vertically in the air. 
Record this value in the table of values. 


O Attach a new piece of string to your catapult and repeat 
steps 5 to 11, pulling the spring scale a different 
distance in each trial. Do four or five trials. 


Analyzing and Interpreting 


1. What was the manipulated variable in this experiment? 
2. What was the responding variable in the experiment? 


3. How does the elastic potential energy at the beginning 
of each trial correspond to the gravitational potential 
energy at the end of each trial? 


4. Can you account for any loss in energy? 


Forming Conclusions 


5. Was your hypothesis correct? Support your conclusion 
with data from the lab. 


Extending 


6. Besides the amount of stretch of the elastic, can you 
suggest any other variables that might affect the height 
to which the cork rises? How could the experiment be 
changed to determine the effect of these variables? 


ESEARCH 


One of the factors that 
determines the gravitational 


© Create a data table like the one below in your notebook. Activity B7 demonstrates the two main types of potential energy studied in 


string 
masking tape 
Scissors 


Force Elastic Initial 
on the Potential 
Energy of the 


Spring 


Make sure your data table has a title. 


© Use the balance to measure the mass of the cork in 


kilograms. Record this value in the appropriate column 
in your data table. 


Height 
of Cork 


Potential 


Scale i Elastic (work 


Fiag (N) 


done on the 


elastic) 
Eu = Fir (I) 
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Gravitational 


this section. If work is done on an elastic, the elastic gains elastic potential 
energy. When the elastic is released, the cork is propelled vertically into the 
air. The elastic potential energy is converted into kinetic energy of the cork. 
As the cork rises, the kinetic energy is converted into gravitational potential 
energy. If no energy is lost, then the initial work done should equal the elastic 
potential energy. The elastic potential energy should, in turn, equal the grav- 
itational potential energy. 

This activity shows an important point about potential energy. As you 
know, potential energy is energy that is stored and has the potential to do 
work. So, potential energy is only useful when it is converted into some other 
form of energy. In the activity, the elastic potential energy only becomes 
useful when it is converted into the kinetic energy of the moving cork. This is 
true of all types of potential energy. The potential energy of a battery only 
becomes useful when it is converted into electrical energy. The gravitational 
potential energy of a diver on a diving tower only becomes useful once the 
diver starts to dive. 


: potential energy of an 
object is the strenath of 
Earth’s gravitational field. 

© The value of the 

Í acceleration due to gravity, 
g, is 9.81 m/s? near the 

surface. However, this value 

changes depending on the 

location. Using the library 

or the Internet, research 
how the location determines 
the value of the acceleration 

due to gravity, g. Write a 

| brief summary of your 
findings. Begin your search 


at 
www. pearsoned.ca/ 


- chool/science10 
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Chemical Potential Energy 


The energy found in chemicals is a form of potential energy. This energy is 
stored in the bonds of chemical compounds. When a chemical change takes 
place, the positions of electric charges are altered and energy is released. Any 
substance that can be used to do work through a chemical reaction has poten- 
tial energy. For example, the potential energy of fossil fuels such as gasoline 
is only released when the gasoline undergoes a chemical combustion 
reaction. 


Check and Reflect 


B 0.3 Kinetic Energy and Motion 


Motion was the first physical quantity to be associated with the concept of 
energy. The type of energy associated with the motion of an object is called 
kinetic energy, from the Greek word kinema, which means "motion." Kinetic 
energy can be quantified. To calculate the kinetic energy of an object, use the 
following formula: 


M 


kinetic energy = + (mass of the object) (speed)? 
1 


E, = 


[ 
"| 
E 
— 
T 


1 : a 
rr 
A snowball, with a mass m 

and speed v, will have a 
certain amount of kinetic 
energy. Another snowball 
with twice the mass 2m and 
the same speed v, should 
have twice the kinetic 


Knowledge 


1. Why is potential energy not as obvious as 
kinetic energy? 


2. Identify the type of potential energy in the 
following situations: 

a) A rubber ball striking a wall is 
compressed and deformed at the exact 
moment it strikes the wall. 

b) An elevator in an office building slowly 
rises to the 20th floor and then stops. 

c) A bow string is slowly drawn back, 
bending a fibreglass bow. 

d) An arrow rises vertically into the air after 
the bow string is released. 

€) Natural gas burns in a fireplace. 


3. State two differences between kinetic energy 
and gravitational potential energy. 


Applications 


4. A force of 32.0 N is required to lift a box 
3.00 m vertically against the force of Earth's 
gravity. 

a) Calculate the work done against Earth's 
gravitational field. 

b) Calculate the gravitational potential 
energy stored in the box. 


5. An object gains 155 J of gravitational 
potential energy when it is lifted 1.20 m 
above the surface of Earth. Calculate the 
force exerted on the object. 
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G. Standing on level ground, a person with a 
mass of 55.0 kg jumps straight up into the air 
to a position where the person has gained 
800 J of gravitational potential energy. How 
high did the person leap? 


7. A person jumping on a trampoline exerts an 
average force of 500 N in stretching the 
trampoline a distance of 0.750 m. Calculate 
the elastic potential energy stored in the 
trampoline. E 


8. An elastic that is stretched 10.0 cm has 320 


of stored elastic potential energy. Calculate 
the force required to stretch the elastic. 


9. A 60.0-kg person climbs up a ladder to the 
roof of a building that is 3.50 m above the 
surface of Earth. Calculate the gravitational 
potential energy stored in the person. 


Extensions 


10. Suggest two ways you could increase the 


elastic potential energy of a spring. 


11, Can an object have two values of 


gravitational potential energy at the same 
instant? Explain your answer. 


koci energy. However, a third 
snowball with the same 


] 


= (kg) re: mass m but twice the speed 
rry 2v, will have four times as 
x kg-m* much kinetic energy. 


st 
This shows how the joule is derived from fundamental units of measurement 
(kilograms, metres, and seconds). 


Example Problem B2.3 


A 0.300-kg ball is pushed horizontally at a speed of 20.0 m/s. Calculate 
the kinetic energy of the ball at the moment it starts to move. 


E= m 


0.300 kg)(20.0 È} 
60.0 
The ball has a kinetic energy of 60.0 J. 


The ball in example problem B2.3 has gained kinetic energy because of an 
energy transfer from the work done on it. The work done came from the 
person applying a force on the ball to move it through a distance. The kinetic 
energy gained by the ball is equal to the work done. 


Example Problem B2.4 


The kinetic energy of an object moving at a speed of 14.2 m/s was 
determined to be 950 J. What is the mass of the object? 


1 
5 Practice Problems 
m- E 4. Calculate the kinetic energy of an electron 
with a mass of 9.11 X 10?' kg moving at a 
= AOE uniform speed of 2.00 X 10° m/s. 
— 
net 5. A small toy moving horizontally at a uniform 
-942kg speed of 2.2 m/s has a kinetic energy of 18 J, 
The f the object is 9.42 kg Calculate the mass of the toy. 
mass of the objet E ; 
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ctivity 
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| y Lab 


Kinetic Energy and Motion 


Before You Start... 

In this activity, you will use an elastic to launch an object on 
a horizontal frictionless surface. When the elastic launches 
the object, the elastic potential energy of the elastic will be 
converted to the kinetic energy of the object. This is evident 
in the speed of the object as it travels across the surface. 


The Question 


What is the relationship between an object's speed and its 
kinetic energy? 


The Hypothesis 


State a hypothesis concerning the speed of an object and its 
kinetic energy. 


Variables 


Read over the procedure and identily the type of data you 
will collect to support your hypothesis, State the manipu- 
lated, responding, and controlled variables in your 
investigation. 


Materials and Equipment 


air table and accessories 
elastic launcher 

spark paper 

air puck 

balance 

marking pen 

ruler 


Mass of the Air Time Interval of 


Puck the Generated 
m (kg) Sparks 
At(s) 


Average Distance 


Each Time Interval 


Required Skills 
= Initiating and Planning 


[student eterence FA 


Procedure 


© Follow the instructions to set up the air table and 
launcher. 

a) Connect the air source and the spark generator to the 
air table. Set the spark generator to 10 sparks per 
second. 5 

b) Place the carbon paper on the air table. Place tne 
recording paper on top of the carbon paper. 

€) Set up the puck launcher on one edge of the air table 
so it will launch the puck straight across the table. 

d) On the top of the puck launcher, mark five equal 
distances for the five different lengths that you will 
Stretch the elastic to launch the puck at different 
speeds. 

e) Practise launching the puck at these different lengths 
so that the air puck is launched at ever greater 
speeds. 


© Create a data table like the one below. Make sure to give 
your table a title. 


© Using a balance, measure the mass of the air puck, 
Record this value in kilograms in the data table. 


© Tum on the spark generator and the air source, 


© Pull the air puck against the elastic, stretching the 
elastic to the first mark. Sharply release the air puck, 
and observe the spark marks generated on the 
recording paper. Turn off all the equipment. 


0 Slide the recording paper sideways on the air table so 
that you can take another reading on the same paper. 


o Repeat steps 4 through 6 four more times, stretching 


the elastic different lengths. 


Average Speed of 
the Air Puck 
v(m/s) 


Travelled During 


Ad (m) 


= Performing and Recording 
* Analyzing and Interpreting 
= Communication and Teamwork 
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o Remove the recording paper. Label sach trail of spark 
marks as Trial 1, Trial 2, etc. 


Analyzing and Interpreting 


1. On the recording paper, locate the spark marks gener- 
ated for Trial 1. Choose four consecutive spark marks 
near the beginning of the trail. Label these marks as 0, 
1, 2, and 3. 


2. Carefully measure the distances in metres between 
marks 0 and 1, 1 and 2, and 2 and 3. Find the average 
value of the distance travelled, and record this value in 
the data table. 


Example Problem B2.5 


What is the speed of an 800-kg automobile if it has a kinetic energy of 


9.00 * 10° J? 
EST 

E = 7 mv* 
mv — 2E, 
v= 2B 
m 

— [2E 

* Cm 


2(9.00 X 10*]) 
800 kg 


[i 


j 


_ ,| 18.0 x 101727 


800 kg 


AM 3 
1.80 & 10: Ea 


si 


800 ke 


I 
z 
a 
© 


The automobile has a speed of 15.0 m/s. 


3. Repeat steps 1 and 2 for the other four trials. 


4. Plot a graph of kinetic energy as a function of speed. 
What does the shape of the graph suggest about the 
relationship between the speed of an object and its 
kinetic energy? 


Forming Conclusions 


5. Was your hypothesis correct? Support your conclusion 
with results from your graph. 


|. YesEARCH 


People have used the kinetic 
energy of the wind for 
centuries. Some of these 

uses include transporting 

people and goods, grinding 
grain, pumping water, and 
drying clothes. Find out how 
the wind's kinetic energy 
has been used in various 
ways, Why is the wind still 
being used in many places 
in the world? Begin your 

> search at 


| www.pearsoned.ca/ 
: school/science10 


Practice Problems 


6. A baseball with a mass of 
300 g has a kinetic energy of 
304 J. Calculate the speed of 
the baseball. 


7. A moving toy with a mass of 
7.4 kg has a kinetic energy of 
18 J. Calculate the speed of 


the toy. 
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Knowledge 


1. What type of energy is associated with the 
motion of an object? 


2. What two factors determine the kinetic 
energy of an object? 


3. Energy is measured in joules, which is a 
derived unit. State what 1 J is in terms of the 
fundamental units of measurement. (These 
units are kilograms (kg), metres (m), and 
seconds (s).) 


4. A mass is attached to a vertical spring and 
released. It moves through one complete 
vibration (down and back up). 

a) Discuss the changes in the kinetic energy 
of the mass from the time that it is 
released, at the top, to the time that it 
returns to its starting position. 

b) If energy cannot be created or destroyed, 
how is it possible for the mass to 

i) gain kinetic energy during part of its 
vibration? 

ii) lose kinetic energy during part of its 
vibration? 


Applications 


5. Determine the kinetic energy of each of the 
following. 
a) A 0.500-kg ball is thrown horizontally at 
12.0 m/s. 
b) A 75.0-kg person is in free-fall and 
reaches a terminal velocity of 40 m/s. 
c) A 4.00-g bullet is travelling at 140 m/s. 


6. A curling rock, sliding down the ice at a 
speed of 2.40 m/s, is determined to have a 
kinetic energy of 57.6 J. What is the mass of 
the curling rock? 

7. A 40.0-kg object has an initial kinetic energy 
of 320 J. 

a) What is the initial speed of the object? 

b) An unbalanced force is applied to 
accelerate the object to a final kinetic 
energy of 400 J. What is the change in 
speed of the object? 


Une R: Enernu Flaw in Torhnnlnnins! Cuetamce 


8. The kinetic energy of an object was 
determined while the object's speed was 
increasing. The data collected were recorded 
in the table below. 

a) Draw a graph of kinetic energy as a 
function of the speed. 

b) What does the shape of the graph tell you 
about the relationship between the speed 
and the kinetic energy of an object? 


Kinetic Energy 
E (J) 


9. The kinetic energy of an object was 
determined for an object with increasing 
mass, travelling at a constant speed. The data 
collected were recorded in the table below. 
a) Draw a graph of kinetic energy as a 
function of the mass. 

b) What does the shape of the graph tell you. 
about the relationship between the mass 
and the Kinetic energy of an object? 


Kinetic Energy 
E, M) 


Extension 


10. A ball with a mass m travelling at a speed v 
has a kinetic energy of 40.0 J. Calculate the 
kinetic energy of the ball if: 

a) the mass is doubled 
b) the speed is doubled 


ll 2.4 Mechanical Energy 


When energy is transferred to an object, it can cause a change in both kinetic 
and potential energy simultaneously. A ball thrown upward has kinetic 
energy because of its motion, and also has potential energy because of its 
position above the surface of Earth. Since kinetic and potential energy are so 
closely related in many situations involving energy transfers, they are 
combined as a general type of energy called mechanical energy, Eu, which is 


infoBIT 


A roller coaster has no 


engine. It runs on 
mechanical energy. The 
conversion of potential 
energy to kinetic energy and 
back aqain drives it as it 
clatters down and then 
around the hilly track. 


defined as the energy due to the motion and the position of an object. 
Since an object can have both kinetic and potential energy at the same 
instant, mechanical energy can be calculated using the following formula: 


mechanical energy = kinetic energy + potential energy 


Ea N + OE, 


A 0.300-kg baseball is thrown in a straight line through the air. At a 
height of 2.50 m above the surface of Earth, it has a speed of 20.0 m/s. 


What is the total mechanical energy of the baseball? 
E. = E + E, 


2 mv + mgh 


Il 


60.0] * 7.36] 


U 


674] 


The kinetic energy of the ball is 60.0 J, the 
potential energy of the ball is 7.36 J, thus the 
mechanical energy of the ball is 67.4 J. 


The illustration shown in Figure B2.12 can be 
used to describe an important concept in physics 
that involves mechanical energy. When the person 
pulls the bow string. an average force is being 
exerted through a distance, and work is being done. 
This work is stored in the bow as Epei). When the 
string is released, elastic energy is converted into 
kinetic energy, E,, as the arrow is released. As the 
arrow rises into the air, it slows down and loses 
kinetic energy, but it is rising higher above the 
surface of Earth, and so gains gravitational potential 
energy, Ey. This illustrates that potential energy 
can be converted into kinetic energy and kinetic 
energy into potential energy. 


(330.300 kg)(20.0 m/s)? + (0.300 kg)(9.81 m/s‘)(2.50 m) 


[IITITTSETARE An archer draws 
back on the string of the bow to 
shoot an arrow into the air. 


Practice Problems 


8. A seagull flying horizontally at 8.00 m/s 
carries a clam with a mass of 300 g in its 
beak. Calculate the total mechanical energy 
of the clam when the seagull is 30.0 m 
above the ground. 


. A 55.0-kg high-jump athlete leaps into the 
air in an attempt to clear the bar. At the top 
of the leap, the athlete has a total 
mechanical energy of 3.00 x 10°J and is 
moving at 8.33 m/s. Calculate the 
gravitational potential energy of the athlete. 


. A construction worker drops a 2.00-kg 
hammer from a roof. When the hammer is 
50.0 m above the ground, it has a total 
mechanical energy of 1.88 X 10° J. 
Calculate the kinetic energy of the hammer. 
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Law of Conservation of Energy 


The law of conservation of energy states that the total amount of energy in 
a given situation remains constant. Energy can be converted from one form 
to another but the total amount of energy never changes. Thus, the total 
amount of mechanical energy remains constant. In the absence of outside 
forces, kinetic energy may be converted to potential energy and vice-versa, 
without loss, so that the total amount of mechanical energy always 
remains constant. 


potential energy — kinetic energy 
E, = E, 


This law is fundamental in situations involving mechanical energy. 


Example Problem B2.7 


A 1.50-kg rock is dropped over the edge of a cliff, 30.0 m above the 
surface of a lake. What is the speed of the rock just before it strikes the 


surface of the lake? 
Epp) = Eton] 
mgh = m 
mv = 2mgh 
V = 2gh 
W 2 gh 


= 219.81 00 m) 


243m 
= 2437 


Practice Problems The speed of the rock is 24.3 m/s, just before it 


11. A 10.0-kg water balloon is dropped from a strikes the surface of the lake. 


height of 12.0 m. Calculate the speed of the 
balloon just before it hits the ground. 


12. A 30.0-kg child on a trampoline jumps 
vertically into the air at an initial speed of 
1.60 m/s. Calculate how high the child will rise. 


Figure B2.13 shows an example of the conversion and the conserva- 
tion of mechanical energy. If the masses are released, then the difference in 
masses causes the larger mass to fall with increasing speed. Because the 
two masses are attached by a string, the smaller mass will rise with 
increasing speed. The 2.00-kg mass loses potential energy because it loses 
height, and it gains kinetic energy because it speeds up during its fall toward 
Earth's surface. At the same instant, the 1.00-kg mass gains potential energy 
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because it rises above Earth's surface. It also gains kinetic energy because it is 
speeding up as it rises. The two masses are connected by a string and so they 
must move at the same speed. Thus, there are three increases in energy and 
only one decrease in energy. Is this a contradiction of the law of conservation 
of mechanical energy? The answer is no. The mechanical energy lost by the 
2-kg mass would equal the mechanical energy gained by the 1-kg mass. 
Energy is always conserved! 


Example Problem B2.8 
An average force of 100.0 N is required to pull back a bow string a 
distance of 0.500 m. The bow is aimed vertically. 


a) What is the work done on the bow? 
b) How much potential energy is stored in the bow? 


c) How much kinetic energy does the arrow have at the instant it is 
released from the bow? 


d) What will be the potential energy of the arrow at its highest position 
in its flight in the air? 
a) W = Fd 
= (100.0 N)(0.500 m] 


A pulley with 


mass of 1:00 kg hanging on one 


side and a mass of 2.00 kg hanging 


‘on the other is an interesting 
example al a situation involving 


conservation of mechanical energy. 


Practice Problems 


13. A 20.0-g dart is fired from 


= 50.0] 
The work done on the bow is 50.0 J. 


b) AE = W 


Ej = 50.0] 


The amount of elastic potential energy in the bow is 
50.0 J. 


€) AE = Ejus 
E, = 50.0] 
When the arrow is released, it has 50.0 J of kinetic 
energy. 


d) AE vires) Et 
Esm = 50.0 J 


As it reaches its highest point, the arrow has its 
maximum potential energy, 50.0 J. 


This example describes the relationship between work and energy and the 
transformations of kinetic and potential energy. It also illustrates the law of 
conservation of energy. 


a dart gun with a 
horizontal speed of 

4.10 m/s. The total 
mechanical energy of the 
dart is 0.481 J. Calculate 
the gravitational potential 
energy of the dart. 


. A pendulum consists of a 


500-g metal ball 
suspended on a 50.0-cm 
string. The ball is pulled 
horizontally and up a total 
vertical distance of 

10.0 cm. It is then 
released. At the bottom of 
thearc, the mechanical 
energy of the ball was 
determined to be 0.491 J. 
What was the speed of the 
ball at the bottom of its 
arc? 


Lee a 


Activity B9 


Inquiry Lal 


Mechanical Energy and the Pendulum 


The Question 
Is mechanical energy conserved as a pendulum swings? 


The Hypothesis 


When a pendulum is pulled back to form a 45° angle with the 
vertical, work is done on the pendulum. This work is stored 
as potential energy in the pendulum and, when the 
pendulum is released, the potential energy is converted into 
kinetic energy. State a hypothesis concerning the law of 
conservation of mechanical energy in this situation. 


Variables 


Read over the procedure and identify the type of data you 
will collect to support your hypothesis. State the manipu- 
lated, responding, and controlled variables in this 
investigation. 


Materials and Equipment 
string, 1 m long 

object 

retort stand and clamp: 

large blackboard protractor 

metre-stick 

stopwatch 

balance (measuring in grams (9)) 
masking tape 


Procedure 


attach the string to the object, 


© Measure the mass of the object using the 
balance. Record this value in your notebook. 


© Tie the other end of the string to the clamp on the 
retort stand. 
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Required Skills 

s Initiating and Planning 
Performing and Recording 

» Analyzing and Interpreting 


Student Reference M 


o Tape the metre-stick vertically to the retort stand, so 
that one end of the metre-stick touches the tabletop, 
Rest the object on the tabletop and adjust the clamp on 
the retort stand so that the string is taut. 


© Secure the protractor on the clamp.at the top of the 
String so that the string hangs vertically down at the 90° 
mark on the protractor. Make sure that the string is not 
touching the surface of the protractor. 


[5] Slide the base of tile retort stand slowly toward the edge 
of the table so that the pendulum hangs over the side of 
the table and can swing freely. Secure the base so that 
the retort stand does not topple over, 


© Pull the pendulum back to the 45° on the protractor. 


© Use the metre-stick to measure the height of the 
pendulum from the tabletop and record this value in 
your notebook. 


o Calculate the maximum potential energy of the 
pendulum using the formula E, = mgh. 


Note: Data may be collected using either of the two 
methods described below. Choose the most appropriate 
method based on the type of equipment available in your 
laboratory. Proceed to step 10 or step 14 depending on 
your equipment, 


0.00 cm 


metre-stick 


70.71 cm 


The pasitions of the pendulum as it swings 
through half an arc 


Communication and Teamwork 


Method 1: Using a Motion Sensor and a Computer 

Interface or a Graphing Calculator 

[10] Connect the motion sensor to a computer or a graphing 
calculator. Set the time intervals at 0.10 s and set the 
distance travelled by the pendulum in metres. Record 
the data in a table, with time interval as the x variable 
and distance travelled as the y variable. 


[1] Release the pendulum, and allow it to swing to its 
maximum height on the other side. This is half an arc 
(Figure B2.14). 

(9) Stop the pendulum on the other side. 

e Proceed to step 1 of Analyzing and Interpreting. 


Method 2: Using Simulated Data 


O If you do not have access to a motion sensor and a 
computer interface, the measurements have been done 
for you and are displayed in the table below. Proceed to 
Step 11 of Analyzing and Interpreting. 


Time Elapsed 

as the Pendulum Travelled by 

Makes; Arc | the Pendulum at Each Time 
t(s) d (m) v (m/s) 


Distance Speed of the 


Pendulum 


0.00 0.00 0.00 
0.10 0.02 0.48 


Analyzing and Interpreting 


Method 1. Using a Motion Sensor and a Computer Interface 
or a Graphing Calculator 

1. Complete your data table. 

2. Analyze the results of the motion of the pendulum in the 
data table on your computer. The results should be 
displayed in a table similar to the one shown here. Make 
sure your data table has a title. 


Time Elapsed as the Distance Travelled by 
Pendulum Makes 1 Arc the Pendulum 
t(s) d(m) 


. Program the computer to display these results on a 
distance-time graph, 
What is the shape of your graph? 


What does the shape of the graph indicate about the 
motion of the pendulum? 


Program the computer to display the results as a 
speed-time graph. 
. What is the maximum speed attained by the pendulum? 
8. Atwhat paint in the pendulum's swing does it reach this 
Speed? 
Using the formula E, = 3 mv, calculate the maximum 


kinetic energy of the pendulum when it reaches the 
bottom of its swing. 


„ Compare this value with the maximum potential energy 
of the pendulum at the top of its arc that you calculated 
previously. 

Method 2; Using Simulated Data 


11. Using the simulated results in procedure step 14, draw 
a distance-time graph. 


12. What is the shape of your graph? 


13. What does the shape of the graph indicate about the 
motion of the pendulum? 
14. Using the simulated results, draw a speed-time graph. 
15. What is the maximum speed reached by the pendulum? 
16. At what point in the motion of the pendulum does it 
reach this speed? 
Using the formula E, — 2 me, calculate the maximum 
kinetic energy of the pendulum at the bottom of its 
swing. 
Compare this value with the maximum potential energy 
of the pendulum at the top of its arc that you calculated 
previously. 


Forming Conclusions 


19. Based on your calculations, is mechanical energy 
conserved in the motion of the pendulum? Justify your 
answer, 


PFF enen 
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SEARCH 


Watch a pendulum for an 
extended period of time and 
you will notice that the back 
and forth motion changes 
slowly to a circular motion. 
Using the library or the 
Internet, research this 
phenomenon. Why does the 
pendulum have this circular 
motion? Is the circular 
motion clockwise or 
counterclockwise? How is 
this motion similar to the 
circular motion of water 
going down a drain? 

Begin your search at 


www.pearsoned.ca/ 
School/science10 


Conversion and Conservation of Energy in a 
Pendulum 


The pendulum is an excellent example of the law of conservation of energy. 
When the pendulum is initially lifted a certain height above the table, work is 
done against the opposing force of gravity. The energy expended to do the 
work is stored in the pendulum as gravitational potential energy. When the 
pendulum is released and begins its swing. gravitational potential energy is 
converted into Kinetic energy, and the pendulum speeds up. At the midpoint 
of the arc, the pendulum is moving at its maximum speed, and all the poten- 
tial energy has been converted into kinetic energy. At this point, the kinetic 
energy of the pendulum is exactly equal to the initial amount of potential 
energy. As the pendulum begins to rise toward its maximum position on the 
other side of its arc, the pendulum slows down, and kinetic energy is 
converted back to potential energy. At the highest position on the other side, 
the pendulum stops and has no more kinetic energy. Its potential energy 
equals the amount of potential energy it had at the beginning because it rises 
to exactly the same height. Energy is conserved! 


Check and Reflect 


Knowledge 


1. What is mechanical energy? 


4. A ball is thrown vertically upward from the 
ground. It rises to a certain height and then 
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2. A kicker on a football 
team kicks a football 
that travels in a 
trajectory, shown in 
the diagram: 

a) What types of energy does the football 
have at the moment the ball leaves the 
kicker's foot? 

b) What types of energy does the football 
have at a point halfway up to its highest 
point? 

c) What types of energy does the football 
have at the highest point of its path? 

d) At what part of its motion are the kinetic 
and the gravitational potential energy 
equal? 

e) At what part of its motion is the kinetic 
energy the least? 

f) At what part of its motion is the 
gravitational potential energy the least? 

8) Where is the total mechanical energy the 
greatest? Explain your answer, 


3. What is the law of conservation of energy? 
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falls back to the ground. 

a) Analyze the graph below. What is 
happening to the potential energy of the 
ball as a function of its height above the 
ground? 


Potential Energy as a Function of Height. 


Potential Energy E, 


Height n (m) 


b) Analyze the graph below. What is 
happening to the kinetic energy of the 
ball as a function of its height above the 
ground? 


Kinetic Energy as a Function of Height 


Kinetic Energy & 


Height 4 (m) 


c) Analyze the graph below. What is 
happening to the mechanical energy of 
the ball as a function of its height above 
the ground? 


Mechanical Energy as a Function of Height 


Mechanical Energy En 


Height h (m) 


Applications 
5. An average force of 40.0 N is needed to 


compress a spring 0.100 m. A 1.00 X 107^ kg 

ball is placed on the spring. 

a) Calculate the work done in compressing 
the spring. 

b) What happens to the work done on the 
spring? 

c) If the spring is released, what happens to 
the energy of the spring? 

d) Calculate the energy the ball has at the 
instant that the ball leaves the spring. 

e) What will be the speed of the ball as it 
leaves the spring? 

f). If the ball is fired up into the air by the 
spring. how much gravitational potential 
energy will the ball gain? 

g) What will be the maximum height that 
the ball will rise into the air? 


6. A 60.0-kg athlete jumps vertically upward 


from the ground to a height of 0.910 m above 


the ground. What was the athlete's initial 
vertical speed? 


7. A 0.300-kg billiard ball is propelled from a 


table at a horizontal speed of 1.50 m/s. If the 


table is 1.30 m above the floor, what is the 


mechanical energy of the ball at the instant it 


leaves the table? 


8. A ball is thrown vertically upward from the 
ground. It rises and then falls back to the 
ground in a measured time. 

a) Sketch a graph showing gravitational 
potential energy as a function of time. 


b) Sketch a graph showing kinetic energy as 


a function of time. 


c) Sketch a graph showing mechanical 
energy as a function of time. 


. A 2.00-kg ball is suspended from a ceiling by 


a rope 1.50 m long, The ball is pulled 

sideways and up until the rope is horizontal. 

a) How much gravitational potential energy 
will be acquired by the ball? 

b) If the ball is then released, what is the 
maximum speed it acquires? 

c) If the ball swings through its arc to the 
opposite side, as shown in the diagram, at 
what position or positions will it have: 

i) maximum gravitational potential 
energy? 
ii) maximum kinetic energy? 
iii) maximum mechanical energy? 


1 
* 
* 

x 


Extensions 


10. If a ball at a certain position above the 


11. 


surface of Earth has gravitational potential 
energy, explain why the ball will not 
necessarily have the same amount of kinetic 
energy when it is dropped back down to 
Earth's surface. 


Three identical objects are projected 
horizontally from the same height at the 
same speeds. The graph below depicts the 
mechanical energy of each object as a 
function of time. 

a) Describe what is happening for each 
object. (Each object is represented by a 
different line on the graph.) 

b) Which line depicts an impossible 
situation? 


Mechanical Energy as a Funclion of Time 


Mechanical Energy E. 
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Before metal pots were 
available, First Nations 
people used hot stones and 
non-metal containers to 
heat water for cooking. 
They would fill leather bags 
or pits in the ground with 
water and then add stones 
that had been heated in the 
fire. The heat transferred 
from the hot stones to the 
water, raising its 
temperature. 


Mita aes When the archer 
has drawn the bow to its maximum 
position, the bow has gained elastic 
potential energy through changing 
its shape. 
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Bes Energy Conversions 


In your daily life, you constantly encounter energy conversions. When you 
turn on a light, electricity is converted to light energy. Your body converts the 
chemical energy in food into the electrical impulses your brain uses to transmit 
signals. To get the desired type of energy, sometimes several conversions have 
to happen. Take the example of striking a match. The mechanical energy that 
moves the match is converted to heat. The heat causes the match to release its 
stored chemical energy, which is converted to heat and light energy. 


Evidence of Energy Conversions 


In general, one of several things might happen as a consequence of energy 
being converted from one form to another. 

Motion is the most obvious evidence that an energy conversion has 
happened. When a pitcher throws a ball, her arm does work, which becomes 
the ball’s kinetic energy. 

Climbing stairs is a less obvious evidence of energy. A diver gains gravi- 
tational potential energy by climbing the stairs of a diving tower. When he's 
on the platform, he has raised his position relative to the surface of the water. 
Whenever something is raised above the surface of Earth, this change in posi- 
tion is evidence of gravitational potential energy. 

A change in shape is also evidence that an object has undergone a change 
in energy. The drawn bow in Figure B2.15 has gained elastic potential energy 
as the archer pulls the bow string back, changing its shape. When she releases 
the bow, it will change its shape again as the elastic potential energy changes 
to kinetic energy of the released arrow. A stretched elastic band or a pole 
vaulter's pole mid jump has gained elastic potential energy. 

For a pot of water on the stove, a change in temperature is evidence of 
energy transfer. Energy is being transferred from the hot stove to the cooler 
pot and water. The pot and water are gaining heat. Heat is the transfer of 
kinetic energy of the particles in one substance to another; in this case from 
the element to the pot and water. 


Energy Conversions in Natural Systems 


The hydrogen-hydrogen nuclear fusion reaction that occurs at the centre of 
the Sun releases tremendous amounts of solar energy that travels to Earth as 
electromagnetic waves. When this radiation strikes Earth, it is either 
absorbed by Earth or reflected back into space. When light energy from the 
Sun strikes the chlorophyll in plants, a chemical reaction, photosynthesis, 
occurs that converts carbon dioxide and water into glucose and oxygen. The 
glucose contains chemical potential energy. When animals eat plants, this 
chemical potential energy in the glucose is released through the process of 
respiration in the animals' bodies. Glucose (sugar) from food reacts with 
oxygen in animal cells to produce carbon dioxide and water. The energy 
released during respiration, in the form of adenosine triphosphate (ATP). 
provides the energy necessary for the animal to carry out life functions. It 
also produces heat. 


finit Re Enarnv Flaw in Terhnhlhninal Svetame 


Millions of years ago, as plants and animals died, they became buried 
under sediment. As time passed, the layers of dead plants and animals sank 
deeper into Earth's crust. Through pressure, heat, and other processes. they 
were transformed into huge deposits of coal, oil, and gas. When these fossil 
fuels are burned in chemical combustion reactions, they are releasing energy 
that was trapped millions of years ago. 


Minds On... 


In Figures B2.17 and B2.18 on the next page, you will see the Questions 
energy conversions in hydro-electric and coal-burning 
power stations. These conversions seem to begin with the 
dam reservoir and the stockpile of coal, respectively. But the 
trail of energy conversions really starts at the initial source, 
the Sun. 

Analyze Figure B2.16, depicting the flow of energy from 
the initial stage of the production of solar energy on the Sun, 
through to the production of fossil fuels such as coal, oil, 
and gas. Then answer the following questions. 


of fossil fuels. 


conversion system? 


Identifying Energy Conversions in Nature 


Energy conversions 
from the Sun to fossil fuels 


1. List all the energy conversions, in order, starting from 
solar energy being emitted from the Sun to the final use 


Is all the solar energy that strikes plants stored as 
chemical potential energy in fossil fuels? Can you iden- 
tify places where solar energy is wasted in this energy 


What is the main difference between photosynthesis 


and respiration or combustion? 
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Energy Conversions in Technological Systems 


Hydro-electric dams convert the energy of moving water into electricity. This 
conversion takes many steps. Figure B2.17 shows a cross-section of a hydro- 
electric power station. The water reservoir behind the dam, A, stores water at 
a higher level than the generator below the dam, so the water has gravita- 
tional potential energy due to its higher position. The water behind the dam 
is released into the penstock, B. As it flows down the penstock, it loses grav- 
itational potential energy but gains kinetic energy as it increases speed. 
When the water reaches the turbines, C, its kinetic energy pushes the blades 
of the turbines. The kinetic energy of the water is converted to the kinetic 
energy of the turbines. The turbines turn a coil of wire in a magnetic field, D, 
which converts the turbine's kinetic energy into electrical energy. This elec- 
tricity is then distributed from the station to users. j 

A coal-burning power station also uses many energy conversions to 
generate electricity (Figure B2.18). Coal is placed in the combustion chamber, 
A, where it burns at a very high temperature. The chemical potential energy 
in the coal is converted into heat. This heat is then used to change the water 
in the boiler, B, into steam. The steam is under pressure and is injected into 
the turbines, C, causing the turbines to rotate. The thermal energy and kinetic 
energy of the moving steam is converted into kinetic energy as the turbines 
rotate. The turbines use the kinetic energy to turn a coil of wire in a magnetic 
field in the generator, D. The kinetic energy is converted into electrical 


energy. 


A hydrö-electric 
power station converts the 
gravitational potential energy of 
water into electrical energy through 
a series of energy conversions. 


A coal-burning 
power station converts the chemical 
potential energy stored in coal into 
electrical energy through a series of 
energy conversions 
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reactor building 


turbine building 
turbine 


coolant 
(heavy water) 


circulating 


shielding 


moderator 
(heavy water) water 


fuel bundles control rads 


2 A schematic diagram of a CANDU nuclear reactor that is used to generate electricity. 
To rotate the turbines, which generate electricity, steam is heated by nuclear reactions. Instead of a water 
reservoir or a coal deposit, they require a source of uranium. 


Nuclear Energy Conversions 


After the Second World War, engineers used the technology of splitting the 
atom to create a new method of generating electricity. Nuclear power is now 
used to generate electricity in Canada and around the world. 

One of the most widely used nuclear reactors is the Canadian CANDU 
(CANadian Deuterium Uranium) reactor (Figure B2.19). In the reactor, 
uranium disintegrates during nuclear fission, releasing nuclear energy as 
radiation. This radiation is converted to thermal energy, which is used to 
heat water to steam. Under pressure, the steam is then piped into the turbines 
and causes them to move. The steam's kinetic energy is converted into the 
turbines’ kinetic energy. The turbines turn a coil of wire in a magnetic field. 
This converts the turbines' kinetic energy into electrical energy. This 
sequence of energy conversions is very similar to the conversions in a coal- 
burning power station. In fact, nuclear power stations and coal-burning 
power stations are both thermal power stations. They create heat to produce 
steam, which drives the turbines. Power stations powered by natural gas are 
also thermal power stations. 


Solar Energy Conversions 
Although the Sun is not really a new source of energy, it is considered new 
because engineers have only recently developed technologies that efficiently 
convert sunlight to other forms of energy. One of the-most recent and 
common solar energy conversion technologies is the solar cell. 

Solar cells are unlike other technological systems that you've studied so 
far. They have no moving parts and they convert solar energy 1 to elec- 
tricity. A solar cell is usually composed of two layers of silicon, one with 
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Activity B10 


Design a Lab 


Kinetic Energy or Potential Energy? 


There are many situations where energy is converted from 
one form to another. However, the most common type 
involves mechanical energy. where kinetic and potentia! 
energy are interconverted. 


The Question 


In a situation where potential and kinetic energy are inter- 
converted, will mechanical energy be conserved? 


Design and Conduct Your 
Investigation 


[1] After considering the above question, write a 
hypothesis. 


[2] Decide on the materials and the equipment you will 
need to test your hypothesis (Figure B2.21). 


o Plan your procedure. For example: 

— What variables are you working with? Identify the 
manipulated, responding. and controlled variables. 
Predict what results will occur in the responding 
variable when a change is made in the manipulated 
variable and give a reason why. 

— How will you vary the manipulated variable to obtain 
the results you need? 
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phosphorus added and one with boron added (Figure 
B2.20). Normally, electrons are bound up in the silicon 
ils in these layers. However, when sunlight hits the 
silicon layers, it provides energy for some of the elec- 
trons to break free of the crystals and move freely. The 
silicon layer with added phosphorus becomes negatively 
charged. The second silicon layer with added boron 
becomes positively charged. The positive and negative 
layers act in the same way as the positive and negative 
terminals of a battery, and an electric current flows. The 
current is then collected by the electrical contact layers 
shown in Figure B2.20. The electricity can be used 
directly or stored in a conventional battery for later use. 

This energy conversion system can be applied to 
systems as large as the International Space Station or as 
small as a solar-powered calculator. 


Required Skills 

© Initiating and Planning 
Performing and Recording 
* Analyzing and Interpreting 


Student Reterenee I 


Possible materials for the investigation 


— What steps do you have to go through to collect the 
data you need to test your hypothesis? 

- How will you collect the data? 

— How will you record the data? 

- What type of quantitative analysis of your data must 
be performed to verify your hypothesis? 


o Write up your procedure and show it to your teacher. 


© Carry out the experiment, 


[5] Compare your results with your hypothesis. Did your 
results support your hypothesis? If not, what possible 
reasons might there be for any discrepancy? 


@ Compare your experimental design and findings with 
those of your classmates, How do your results compare 
with theirs? 


Fuel Cells 


Like a solar cell, a hydrogen fuel cell operates like a battery. In fact, it's 
known as the new, improved battery. It converts the chemical energy in a 
fuel, such as hydrogen, into electrical energy. However, unlike a battery, it 
does not require recharging. It will produce electrical energy as long as it has 
fuel. The byproducts of the hydrogen fuel cell are water and heat. 

This is why the hydrogen fuel cell is so popular in spacecraft. Not only 
can the fuel cell supply the necessary electricity to maintain all the electrical 
instruments on board the spacecraft, but it can also supply all the heat and 
water necessary for the trip, from the "waste" products of the cell's reaction. 


|. WesEARCH 


Fuel cells are now being 
used to power vehicles. Use 
the Internet and other 
resources to find out how 
fuel cells work. Draw and 


to show how it operates. 
Begin your search at 
> Wwww.pearsoned.ca/ 
school/science1U 


Communication and Teamwork 


Check and Reflect 


Knowledge 


1. List all the energy conversions that occur in a 
hydro-electric power station. 


2. List all the energy conversions that occur in a 
coal-burning power station. 


3.a) What single energy conversion in a 
hydro-electric station produces the most 
waste heat? 

b) What single energy conversion in a 
thermal coal-burning power station 
produces the most waste heat? 


4. Explain why more energy is wasted in a 
coal-burning power station than in a 
hydro-electric power station. 


5. One method to show energy conversions is to 
use concept maps. Map the conversion of 
energy in a nuclear reactor, from the initial 
form of nuclear energy to the final form of 
electrical energy. 


6. Explain how solar cells are similar to 
batteries. 


Applications 
7. List all the energy conversions you can see in 


your classroom. State the initial form of 
energy and the resulting form of energy. 


8. Trace the chain of energy transformations 
from the Sun to the final form of energy. in 
each of the following: 

a) A heating pad is plugged into an 
electrical outlet. 

b) A lawn mower is idling. 

c) A horse is pulling a cart. 

9. Give an example to justify each of the 

following statements: 

a) Energy comes in many forms. 

b) Energy can be stored for a long time. 

c) Energy can be changed from one form to 
another. 


10. A weightlifter holds a barbell above his head 
and drops it. What evidence is there that an 
energy conversion has taken place? 


Extension 


11. In what ways could heat be regarded as 
mechanical energy? 


r 


label a diagram of a fuel cell 
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Knowledge 


1. List seven different types of energy. 
2. What is the current definition of energy? 
3. Define the term “thermodynamics.” 


4. What was one principle of thermodynamics that 
was developed during the study of the nature of 
heat? 


5. What is the difference between nuclear fusion 
and nuclear fission? 


6. What type of nuclear reaction is occurring in the 
Sun? 


7. What is the difference between kinetic energy 
and potential energy? 


8. Describe an example where an object has: 
a) only kinetic energy 
b) only gravitational potential energy 
c) kinetic and potential energy 


9. When does potential energy become "useful" 
energy? 


10. What term is common to kinetic and potential 
energy? 


11. Explain the difforence between the mass and the 
weight of an object. 


12. Why is chemical energy considered a form of 
potential energy? 


13. A person leaps high up into the air. At what 
point in the upward motion does the person 
have: 

a) maximum kinetic energy? 

b) minimum kinetic energy? 

c) maximum gravitational potential energy? 

d) minimum gravitational potential energy? 

€) kinetic energy equal to gravitational potential 
energy? 


14. Give an example of mechanical energy being 
converted to: 
a) thermal energy 
b) sound 
c) light 
d) electricity 


15. What are the byproducts of a hydrogen fuel cell? 


Applications 


16. Scientists who observed a demonstration of 
Newton's cradle in 1666 could not explain one of 
their observatións. What was this observation? 
How did scientists later in the 1600s try to 
explain it? 

17. How did Young unite the terms "work" and 
"mechanical energy"? 


18. Describe an example where each of the 
following forms of energy can be found in a 
technology: 

a) chemical 
b) light 

c) thermal 
d) radiant 
e) electric 
f) kinetic 
g) sound 

19. Describe a natural system in which the 
following forms of energy can be found: 
a) chemical 
b) light 
c) thermal 
d) radiant 
e) electric 
f) kinetic 
g) sound 


20. The inclined plane shown below has a vertical 


distance of 1.00 m and the length along the 
incline is 1.50 m. A force of 30.0 N, applied to 
the string parallel to the incline, slides a 1.00-kg 
block of waod a distance of 1.50 m up the 
incline, 


Calculate the work done by the force in moving 
the block of wood up the incline to the top. 


21. Determine the gravitational potential energy of 
the block of wood at the top of the incline. 


22. Explain why the work done in question 20 is not 
equal to the energy gained by the object in 
question 21. 


23. A 50-kg gymnast leaps on a springboard and 
rises vertically to a height where the 
gravitational potential energy of the gymnast is 
800 J, Calculate the elastic potential energy 
stored in the springboard when the gymnast first 
leaped on the springboard. 


24. State the assumption you had to make to answer 
question 23. 

25. Calculate the initial vertical speed of the 
gymnast at the moment the feet of the gymnast 
left the springboard in question 23. 

26. State the assumption you had to make to answer 
question 25. 

27. Describe a process involving your body in 
which there is a transformation of at Jeast three 
different types of energy. 


28. Describe a process where there is a 


transformation of the following forms of energy: 
a) chemical to light 
b) light to chemical 
c) kinetic to heat 
d) heat to kinetic 
e) electric to magnetic 
f) magnetic to electric 
29. Why are solar cells used in providing the 
electrical energy for space stations? 


30. An ice cube is placed at the top of an inclined 
plane. Eventually, a coating of water begins to 
appear between the ice cube and the inclined 
plane. Slowly, the ice cube begins to slide down 
the inclined plane. Identify the evidence that 
energy is involved in each of these observations, 


Extensions 


31. Design an experiment to investigate the 
conversion of kinetic energy into potential 
energy. In your design, state a problem, identify 
the manipulated and the responding variables, 
make a hypothesis that describes the 
relationship between the two variables, and 
suggest a procedure that could be used to take 
the desired measurements. 


32. Discuss all the ways that the energy of a drop of 
water in a cloud is different from the energy of a 
drop of water in the surface of a calm lake. 


33. Does Earth have mechanical energy as it travels 
in its orbit around the Sun? Explain your 
answer. 


34. Discuss the different approaches of a scientist 
and an environmentalist in arguing the 
importance of the development of a hydrogen 
fuel cell automobile for the future. 


35. Which source of energy do you think should be 
further developed for the future? Justify your 
answer. 
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Key Concepts 

In this section, you will learn about the 

following key concepts: 

* technological innovations of engines that 
led to the development of the concept of 
energy 

* design and function of technological 
systems and devices involving potential and 
kinetic energy, and thermal energy 
conversions 

+ eiticient use of energy, and environmental 
impact of inefficient use of energy 


Learning Outcomes 
When you have completed this section, you 
will be able to: 


* describe how the first and second laws of 
thermodynamics have changed our 
understanding of energy conversions 

* describe qualitatively, and in terms of 
thermodynamic taws, energy 
‘transformations in devices and systems 

* define, operationally, "useful" energy from a 
technological perspective, and analyze the 
stages of “useful” energy transformations in 
technological systems 

* recognize that there are limits to the amount 
of “useful” energy that can be derived from 
the conversion of potential energy to other 
forms in a technological device 

* identify the processes of trial and error that 
led to the invention of the engine, and relate 
the principles of thermodynamics to the 
development of more efficient engine 
designs 

* explain, quantitatively, efficiency as a 
measure of the "useful" work compared to 

the total energy put into an energy 
conversion pracess or device 

* apply concepts related to efficiency of 
thermal energy conversion to analyze the. 
design of a thermal device 

* compare the energy content of fuels used in 
thermal power plants in Alberta (costs, 
benefits, efficiency, sustainability) 

* explain the need for efficient energy 
conversions to protect our environment and 
to make judicious use of natural resources 


Principles of energy conservation 
and thermodynamics can be used to 
describe the efficiency of energy 
transformations. 


This drawing shows a humorous attempt at designing the perlect machine 


gadgets that were being designed to supposedly make people's 

lives easier. His "inventions" were drawn only for amuse- 
ment, but surprisingly, they could actually work. One of his 
inventions, an automatic napkin, is shown in Figure B3.1. It uses a 
complicated set of machines to accomplish a very simple task: 
wiping the diner's moustache. 

Rube Goldberg's drawing is humorous because we know intu- 
itively that the machine is extremely inefficient. One swipe of the 
diner's hand could eliminate the nine or so automatic steps. In fact, 
Rube Goldberg machines have come to symbolize inefficient 
machines: they exert a lot of effort to produce small results. In the 
real world, engineers do the opposite of Rube Goldberg. They design 
efficient machines that exert the minimum possible effort to produce 
largest possible results. 

At the start of the Industrial Revolution, engineers developed 
machines to do work, and as time passed, they tried to make these 
machines do work more efficiently. As scientists looked at these 
attempts to increase efficiency, they developed some principles 
about how heat behaves. 

In this section, you will learn about the laws that govern heat. 
You will also learn how the development of technologies during the 
Industrial Revolution led to advances in the scientific concept of 
energy and how these technologies were improved and refined over 
time. You will study the efficiency of energy conversions in 
machines. Finally, you will investigate how thermal energy conver- 
sions affect our environment. 


Re Goldberg, a cartoonist during the 1920s. poked fun at the 


B 3] Laws of Thermodynamics 


All machines in daily life are governed by physical laws. These laws 
describe the relationships between work and energy transformations. 
However, they focus on one type of energy transfer: heat. The previous 
sections showed how energy transformations or transfers resulted in 
changes in motion or position of an object. This section will deal with 
changes in temperature that are also a result of work and energy transfor- 
mations or transfers. 


Systems 


For investigations into work done and energy transfers, it is necessary to 
set boundaries for the objects involved. These boundaries define the 
system. A system is a set of interconnected parts. In studies of work and 
energy transfers, the system is the object or objects involved in the trans- 
fers, Everything else is considered the surroundings or the environment. 
For example, in a gasoline-powered lawn mower, the system could be the 
engine. The surroundings could be the other parts of the mower, the 
ground, and the air around the mower. The set boundaries are arbitrary, 
and you can change them. In the lawn mower example, the system could 
have been the entire lawn mower. The surroundings would then be the 
ground and the air. 

After you define a system and its surroundings, you should state the 

type of system you are studying. 

An open system is one that exchanges both matter and energy 
with its surroundings. For example, suppose Earth is a system and 
the universe is its surroundings. Earth is an open system, since it 
can exchange both energy and matter with its surroundings. 

e A closed system is one that cannot exchange matter but can 
exchange energy with its surroundings. For example, a closed can 
of soup is a closed system because matter cannot move into or out 
of it, but energy can move into the can. 

An isolated system is one that cannot exchange either matter or 
energy with its surroundings. 


The First Law of Thermodynamics and the Law of 
Conservation of Energy 


It is important to distinguish heat from work. Work involves the move- 
ment of matter from one location to another, whereas heat is a transfer of 
thermal energy from one location to another. Both heat and work can 
affect systems. 

The energy of a system can be increased in two ways. Either heat can 
be added to a system from the surroundings (Figure B3.2(a)), or work can 
be done on a system by its surroundings (Figure B3.2(b)). Work done on 
the system by the surroundings is considered positive work because the 


energy of the system increases, 
Similarly, the energy of a system can decrease in two ways. Either heat 


infoBIT 


Although the automobile 
engine is one of the most 
popular heat engines used, 
up to 33% of the energy 
supplied to the automobile 
is lost as heat. 


FIGUR 2 
fire to the metal rod. 


a) Heat flows from the 


(b) The person does work on the spring 


of the pogo stick 
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Activity B11 


Inquiry Lah 


Required Skills. 

© Initiating and Planning 
Performing and Recording 

© Analyzing and Interpreting 

= Communication and Teamwork. 


cs, 7, 11 


Bouncing Balls 


The Question 


Which type of ball most closely resembles a perfect 
machine? 


e Put the ball on the balance. Record its mass in the 
appropriate column of your table. 


[3] Set the metre-stick in a vertical position with the "0^ 
reading at the bottom. 


o Drop a ball from the top of the metre-stick to the floor, 
and carefully note the height to which the ball bounces, 
Repeat this procedure three or four times and record 
each value in your notebook. Use these values to calcu- 


The Hypothesis 

A perfect machine transfers all of its energy into the same or 
another form of energy completely, with no energy lost to 
the surroundings as heat or other forms of energy. Study the 


b AGL (a) Heat flows trom 


| (b) The spring of the pogo 
the hot metal rod to the water, 


stick does work on the 


T 


person 


can flow out of a system to its surroundings (Figure B3.3(a)), or work can be 
done by a system on its surroundings (Figure B3.3(b)). Work done by a 
system on its surroundings is considered negative work because the energy of 
the system will decrease. 

In the previous section, you were introduced to the law of conservation 
of energy as it relates to mechanical systems. The law of conservation of 
energy can be stated in more general terms: Energy cannot be created or 
destroyed. It can only be transformed from one form to another, and the total 
amount of energy never changes. The first law of thermodynamics is really 
just a restatement of the law of conservation of energy, except one of the 
forms of energy involved is heat. This law states that the total energy, 
including heat, in a system and its surroundings remains constant. Whenever 
heat is added to a system, it transforms into an equal amount of some other 
form of energy. This law is supported by Joule's experiments, outlined in 
section B2.1. 

When heat is added to a system, some of the energy goes into increasing 
the internal energy of the system. This increases the temperature. Some of the 
energy is used to move parts or to do work on the system. This increases the 
mechanical energy. 


heat added to the system = mechanical energy + heat 


This is what happens in most real-world situations. Most machines involve 
many moving parts that are in contact with one another, These parts rub 
together and this friction produces heat. Even though some energy is lost as 
heat, the law of conservation of energy or the first law of thermodynamics 
still applies: The amount of heat put into a system must equal the amount of 
mechanical energy plus heat lost by the system, Theoretically, the system 
could gain the same amount of mechanical energy as the heat input energy. 
But in reality, the mechanical energy gained never comes close to the theo- 
retical maximum because most of the input energy is lost from the system as 
heat. 


balls in the materials, and state a hypothesis about which of 
the given balls would do the best job of converting one form 
of energy into another. In your hypothesis, state how you 
would determine if the bouncing ball resembles a perfect 
machine. 


Variables 


Identity the manipulated, responding, and controlled vari- 
ables in the experiment. 


© 
Materiais and Equipment 


3 different types of balls (basketball, golf ball, 
lacrosse ball, super ball, etc.) 


metre-stick 
balance (measuring in grams(g)) 


Procedure 


@ Create a data table in your notebook like the one below. 
Make sure your table has a title. 


Type of Ball 


late the average value for the return height. Record the 
value in the appropriate column in the table. 


© Repeat steps 2 to 4 for the other balls. 


Analyzing and Interpreting 


1. List the energy conversions from the moment you lift 
the ball to the top of the metre-stick, to the time that the 
ball reaches its highest point on its bounce. 


2. Explain how the conversion of energy for each ball illus- 
trates the first law of thermodynamics. 


3. What happened to the lost energy? Is the lost energy a 
violation of the law of conservation of energy? 


Forming Conclusions 


4. According to your data, which ball best resembles a 
perfect machine? Justify your answer. 

5. Which ball least resembles a perfect machine? Justify 
your answer, 


6. Do the results of the experiment agree with your 
hypothesis? 


Loss of 
Potential 
Energy 
AE M) 
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perpetual motion machines 


The Perfect Machine Cannot Be Achieved 


Ideally, once energy is added to start a machine, the machine should convert 
all this input energy directly into mechanical energy output, without any 
energy loss. Since all the input energy is converted completely into mechan- 
ical energy, the amount of mechanical energy produced by the machine 
should equal the amount of energy put into the machine. If no energy is 
converted to other forms of energy, then the machine should continue to 
operate indefinitely, These types of machines are called perfect machines or 
perpetual motion machines, Although they come close, those shown in 
Figure B3.4 are not perfect or perpetual motion machines. It is impossible to 
create a truly perfect machine. 

In order for a machine to be classified as a perfect or perpetual motion 
machine. all the mechanical energy in the system must be completely 
conserved as mechanical energy during any transformations. In the activi 
with the bouncing balls, when a ball is lifted into the air, it has mechanical 
energy in the form of gravitational potential energy. When the ball is 
dropped, the potential energy is converted into kinetic energy. When the ball 
hits the floor, the ball bounces upward converting kinetic energy into gravita- 
tional potential energy. If no energy is lost to the surroundings, then the ball 
should rise to exactly the same height. The ball that bounces highest most 
resembles a perpetual motion machine. In the experiment, no balls will 
rebound to the same height as the previous bounce because some of the 
energy is converted to heat, sound, and deformation in each collision with 
the floor. 


The Second Law of Thermodynamics 


If you place a hot-water bottle in your bed, the bed will warm up and the hot- 
water bottle will slowly cool down. Eventually, the bottle and the bed will 
reach the same temperature. The heat transfers from the bottle to the bed, so 
the total amount of energy in the bottle and bed remains constant. This is 
consistent with the first law of thermodynamics, but it also illustrates the 
second law of thermodynamics, which describes the direction of energy flow 
in natural processes. The second law states that heat always flows naturally 
from a hot object to a cold object, but never naturally from a cold object to a 
hot object. 


$ A 


work done 


When the heat in a heat engine flows from a high-temperature area to a 
low-temperature area, this heat can be converted into mechanical energy, 
which can do work. A heat engine is a device that converts heat into mechan- 
ical energy. However, only some of the input heat can be converted to 
mechanical energy output. The remaining heat is expelled as exhaust heat 
(Figure B3.5). 

For example, in an internal combustion engine, the fuel in the combus- 
tion chamber burns at a high temperature, causing the piston to move and 
gain mechanical energy. The remaining energy is expelled as heat through 
the exhaust. The exhaust heat has a lower temperature than the input heat. 

The hypothetical temperature-difference boat shown in Figure B3.6 is an 
application of the second law. One pipe leads to the surface of the ocean, 
which is warmer. The other pipe leads to the deep ocean, which is cooler. 
Heat flows from hot to cold, so as the heat from the warm-water tank flows to 
the cool-water tank, it turns a turbine, which turns the propeller. The cold 
water flows out through the pipe deep in the ocean. Hypothetically, the boat 
should move because the water is flowing from hot to cold and does work in 
the process. 

According to the second law of thermodynamics, heat never flows natu- 
rally from cold to hot. However, heat can be made to move from cold to hot. 
You have to do work to make this happen. 


temperature-difference boat 


FIGURE When heat in à 
heat engine flows from a higher 
temperature to a lower temperature, 
only part of this energy is 
transformed into work output. The 
rest is expelled as waste heat 


A hypothetical 
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Since heat naturally flows 
from hot to cold, all hot 
objects are transferring 
thermal energy and cooling 
off. Eventually, all objects 
will be at the same 
temperature and the thermal 
energy-transfer process will 
stop. Using the library or 
the Internet, research how 
this concept will result in 
the heat death of the 
universe. Write a brief 
summary of your findings. 
Begin your search at 


e 


fan 


Heat Engines and Heat Pumps 


The study of the interrelationships between heat, work, and energy is called 
thermodynamics, from the Greek word therme, meaning “heat.” It began less 
than 200 years ago out of efforts to produce heat engines (Figure B3.7(a)), 
which are devices that convert heat into mechanical energy, and heat pumps 
(Figure B3.7(b)). which are devices that use mechanical energy to transfer 
heat. 

Heat engines and heat pumps are similar in that they both operate on the 
principle that heat flows naturally from a hot substance to a colder one and, 
in the process, can be made to do work. However, there is an important 
difference between them. 


(a) The jet engine is an example of a heat (b) The air conditioner is an example of a heat 


engine. pump. 
Examples of a heat engine and a heal pump. 
Heat Engines 


A thermo-electric converter, shown in Figure B3.8, is an excellent example of 
a heat engine that follows the second law of thermodynamics. One end of the 
converter is inserted in water at a temperature of 10°C and the other end is in 
water at a temperature of 90°C. Heat flows naturally from a hot substance to a 
cooler one, as stated in the second law of thermodynamics. As this heat, 
which is thermal energy, flows through the metal junction connecting the 
two sides, the thermal energy is converted to electric energy, which runs the 
electric motor. The electric motor, in turn, converts the electric energy into 
mechanical energy causing the fan to rotate. The device has used a tempera- 
ture difference to convert heat into mechanical energy. Friction in the electric 
motor limits the amount of heat that is converted to mechanical energy. The 
steam engine is another example of a heat engine. You will learn more about 
steam engines in section B3.2. 


150 FIGURE A thermo-electric converter is an example af a heat engine 


Heat Pumps 


A refrigerator pumps heat from inside the cooler interior space 
to warmer air outside the refrigerator. This process is not 
natural, and so work must be done by the refrigerator 
(Figure B3.9). To accomplish this, the refrigerator uses electric 
energy to pump a refrigerant through copper piping, which is an 
excellent heat conductor. The refrigerant has a very low boiling 
point and changes from a liquid to a gas at about —40°C. The 
process begins at the compressor, Here, the refrigerant emerges 
as a cool liquid under low pressure. As it is pumped through the 
copper piping, it absorbs heat from the interior and so the inte- 
rior cools. As the refrigerant absorbs heat, its temperature rises 
above —40*C. It then vaporizes into a gas and flows into a 
compressor, where the gas is compressed causing its tempera- 
ture and pressure to rise. When this happens, the gas gives off 
thermal energy. This thermal energy is transferred to the air 
surrounding the refrigerator. The refrigerant is then pumped into 
a condenser, where it is cooled and liquefied. The cycle then 
repeats. 


eck and Reflect 


Knowledge 


1. Define the term "thermodynamics." 


2, State the first law of thermodynamics. 


3. What is the distinction between work and 
heat? 


4. identify whether each of the following is best 
explained by the first or second law of 


Applications 


heat into room 


FIGURE A retrigarator is a heat pump 
Heat has to be pumped from inside the refrigerator 
to outside the refrigerator. 


8. If two sticks are rubbed together and ignite, 
is the work being done on the sticks positive 
or negative work? 

9. Water is observed to condense on the outside 
of a cold glass. Which way is heat flowing? 


10. Which law of thermodynamics best describes 
the following statements? Explain your 


thermodynamics. 

a) A bouncing ball eventually comes to rest 
on the floor. 

b) A metal spoon eventually becomes hot 
when placed in a pot of boiling water. 

c) Energy cannot be created or destroyed. 


5. What is the difference between a heat engine 
and a heat pump? Give an example of each. 


6. What is a perpetual motion machine? 


7. State the second law of thermodynamics. 
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answer. 

à) You can't get something for nothing. 

b) You can't even get close. 

c) A rock will never suddenly jump into the 
air. 


Extensions 


11. Is it possible to cool a room down on a hot 
day by leaving the refrigerator door open? 
Justify your answer using the laws of 
thermodynamics. 


12. What is the difference between a perpetual 
motion machine and a Rube Goldberg 
machine? 
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B VE The Development of Engine 
Technology 


Early scientists and engineers realized the importance of inventing 
machines for making heavy tasks easier to do. However, their 
machines were limited to simple mechanisms, such as the lever, 
pulley, wheel and axle, and the screw. Initially, the sources of energy 
to operate these machines were humans or animals. Later, wind and 
flowing water were also used. All early machines used sources of 
energy that people could see or touch. People had not yet discovered 
that there were "hidden" sources of energy, so the concept of energy 
was unknown. 3 

The first machine to use a "hidden" source of energy was Hero's 
steam engine, shown on page 124. But his machine was only a 
novelty device and did nothing useful, so no one studied it seriously 
at the time. People did not recognize heat as a useful source of energy 
for machines. 

For most of recorded history there were humans and animals to 
do all the necessary tasks, and humans used wood to fuel their fires. 
There was no need to invent sophisticated machines. But things 
changed in the 1600s. By then, practically all the trees in England had 
been cut down. So people switched to using coal. Because the 
demand for coal grew and grew, deeper mines were dug to extract it. 

One of the major problems in coal mining was pumping water 
(b) The Persian wheel from deep mines. At first, miners used existing pump systems to 

pump out the water, These systems (Figure B3.10) had limitations. 
UE cece LARA The Archimedes screw and the Persian wheel, which are turbines, 
=e Se could not lift the water very far because of the downward force of the 
fumed by animals. moving water, or wind. water. The water held in a large Archimedes screw or Persian wheel 
was simply too heavy to lift. In a reciprocating pump (Figure B3.11), 


FIGURE 83.10 


3 A simplified version of a reciprocating 
pump, which uses a piston moving back and forth in a pipe 
to drive water upward. As the piston is pulled outward, it 
Creates a vacuum, and atmospheric pressure pushes water 
into the cylinder through the one-way intake valve. When 
the piston is pushed inward, water is pushed upward 
through the one-way outtake valve 


DMA Hait Re Enarnu Cinw in Tarhnalanical Coatamn 


atmospheric pressure can only push water up to a height of 9 m. So the recip- 
rocating pump was also limited in the height it could raise water. Miners 
needed a more powerful machine that could be operated continuously, with 
an engine that used some other, more powerful source of energy to drive the 
pump. 


Developing a Technology 


Technology does not suddenly appear out of nowhere. Developing a tech- 
nology involves a step-by-step process. The process usually starts with some 
understanding of scientific concepts. Inventors and engineers use these 
concepts to create a technology. This new technology usually has flaws or 
drawbacks, and others try to improve it. As they try to improve it, their 
knowledge of the science grows. They use this increased knowledge and new 
scientific discoveries to improve the technology. Today's internal combustion 
engine followed this process. It began with the gunpowder engine, as 
described in detail below. Figure B3.15 summarizes the process in a time 
line. 


The Gunpowder Engine 


THE SCIENCE In 1680, Christian Huygens, a Dutch mathematician and physi- 
cist, recognized that a successful reciprocating pump needs a force to drive 
the piston forward and a force to pull it back. Could a piston be driven 
forward using an internal source of energy? 


Tur TECHNOLOGY Huygens experimented with a gunpowder engine, in which 
gases generated by an explosion inside the engine drove a piston forward into 
a cylinder. 


Tur DRAwBACKS This engine was not developed because of the obvious 
hazards of explosions and because there was no powerful internal mecha- 
nism to pull the piston back so that the engine could operate continuously. 


The Heat Engine 


Tue Science Breakthroughs in the development of an engine came with two 
scientific discoveries. In 1654, Otto von Guericke, a German physicist, 
demonstrated the tremendous forces of vacuums. He fitted two hollow hemi- 
spheres together and created a vacuum inside by extracting the air through à 
valve. Two teams of eight horses pulling in opposite directions could not pull 
the hemispheres apart. The other discovery was that water increases its 
volume by 1300 times when heated to form steam. 


‘Tne TECHNOLOGY Using these discoveries, French scientist Denis Papin 
designed the first heat engine in 1690 (Figure B3.12). This device would use 


heat to create steam to do work. 


Tur Draweacks Papin did not pursue the development of his engine because 
he had difficulty making the large drum in which the water was to be heated. 
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The first powered road 
vehicle was built in France 
in 1769 and had a steam- 
powered engine. It was 
called the Cugnot road 
locomotive. 


WWastration of 
the first steam-powered engine, 
developed by Papin 


ony 
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1680 


Time 


line showing the 


development of the internal 


combustion engine 


Christian Huygens 
experimented with a 
gunpowder engine. 


1690 


1690 


Denis Papin designed the first 


heat engine. 


The Savery Engine 


THE TECHNOLOGY In England, in 1698, Thomas Savery invented the 
first successful steam-powered pump (Figure B3.13), which was 
used to pump water out of mines. 


Tur DRAWBACKS This pump could lift water to a height of only 6 m 
and so it wasn't much of an improvement over animal-powered 
pumps. To lift to higher distances, the steam would have to be under 
higher pressure. But the boiler could not produce that amount of 
pressure without exploding. 


The Newcomen Engine 


Tur TecunoLocy Patented in 1712 by Thomas Newcomen, the next 
heat engine also used steam as the driving force (Figure B3.14). A 
boiler produced steam that forced the piston up a cylinder. When 
cold water was sprayed on the dutside of the cylinder, the steam 
would condense and the piston would move back down the 
cylinder. The piston rod was connected to a pivoting beam, which in 
turn was connected to the mine pump. The up-and-down motion of 
the piston drove the pump. 


Tur DRAWBACKS This steam engine was easy to build and maintain 
and could pump water to higher distances. However, the cycle of 
heating and cooling the cylinder was very inefficient, and the engine 
required tremendous amounts of heat to function. 


The Newcomen engine was 
also called the beam engine. A pivoting beam 
connected Ihe piston on the left to the mine 


pump on the right. 
1698 1763 
Thomas Savery invented the James Watt designed a new, 


first steam-powered pump. more efficient steam engine. 


1700 


Thomas Newcomen patented a steam engine 
that used a boller to produce steam to move 


1 
i 
i 
] 
i 
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i 
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1 
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i 
| a piston in a separate pump. 


The Watt Engine 


Tus TECHNOLOGY In 1763, a Scottish instrument maker 
named James Watt was asked to repair a Newcomen 
engine. He was shocked by its poor performance. He real- 
ized that there was a tremendous waste of heat when water 
was heated and cooled in the same cylinder. Watt designed 
a new, more efficient steam engine that had a separate 
condenser to cool the steam so that the boiler cylinder 
always remained hot. This reduced the amount of heat 
required to operate the steam engine, making it over three 
times more efficient than Newcomen’s engine. For over 
100 years, the Watt steam engine dominated the market. 
During this period, there were many improvements in the 
design of the steam engine (Figure B3.16), Steam engines 
weren't just used to drive water pumps. They also drove 
the huge machinery in mills, as well as in trains and ships. 


Tur Drawsacks Although steam engines were relatively 
easy to build and maintain, they were very large. They 
needed big boilers to create the steam that was piped to 
parts of the machine that did the work. Because of this, 
steam engines could not be made small enough to replace 
horse-drawn carriages. They were also hot, dirty, and very 
inefficient at converting heat to useful energy. Most of the 
heat they created was lost to the surroundings. The time 
was right for a change in engine technology. 


] 
+ 1801-1867 ^ 
1 Various scientists, engineers, and inventors 
+ made improvements to Lebon's design. 


1794 
Robert Steele patented an engine 
fuelled by gas from tar and oil. 


50 YEARS 


1800 1810 1860 


1801 í ' 
Eugene Lebon invented the first 1 
internal combustion engine. 1 
i 
' 


In this later model ot a Wall engine, piston 


rods were connected to a flywheel, which allowed the engine to 


be used to drive different types of machinery. 


| infoBIT 
To help finance his work on the 
steam engine, James Watt 


surveyed canals and designed 
bridges. 


1890 
Mass production of automobiles with internal 
combustion engines began in Germany. 


+ 1867 

* NA. Otto and Eugen Langen 
+ developed the four-stroke 

} internal combustion engine. 


1883 
G. Daimler designed an internal combustion 
engine that used gasoline instead of coal gas. 
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The Internal Combustion Engine 

Tur Science In 1794, Robert Steele looked for another source of energy to 
replace steam. He revived Huygen's idea of using the gas produced from 
explosions and lodged a patent for a piston engine fuelled by gas from tar and 
oil, ignited by a flame. 


Tur TrEcHNOLOGY Seven years later, in 1801, Philippe Lebon invented an 
engine that improved on Steele's design. It used coal gas ignited by an elec- 
trical spark. This was an internal combustion engine, meaning energy was 
released by burning fuel, ignited by an electrical spark, inside the engine. 
(This ignition method is used in modern vehicle engines through spark 
plugs.) 


Tur Drawsacks This engine was still very inefficient and could not produce 
sufficient force necessary to operate a machine. 


Tur TecHNOLOGY In 1867, in Germany, N.A. Otto and Eugen Langen 
improved the efficiency of the engine'by compressing the coal gas-air 
mixture before ignition. Under pressure, the explosion of the mixture 
produces more force. They developed the four-stroke internal combustion 
engine, which is still used in many modern automobile engines (Figure 
B3.17). The four-stroke internal combustion engine works by moving a piston 
up à cylinder, compressing the gas-air mixture. The firing of the spark plug 
ignites the gas-air mixture, creating high temperature and pressure in the 
cylinder. The high pressure moves the piston down the cylinder. The move- 
ment of the piston turns the crankshaft, which turns the wheels. 


gas-air both valves clos 
mawe N | 


exhaust 
valve 
(closed) 


both valves closed 


cylinder 
intake valve 
(open) 


connecting 


rod 


crankshall 


(a) intake (b) compression (c) ignition (d) expansi 


(power 


Ske” Fuel and exhaust gases are moved in and out of an internal combustion engine by 
opening and closing valves. 
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Almost every engine in the early 1900s was an Otto engine and it could 
produce the same amount of power as a horse, or 1 hp (horsepower). 


Tur Draw S The Otto engine used coal gas as a fuel, which doesn't burn 
very hot, and so the engine was not very powerful. 


Tur TECHNOLOGY The most important innovation in the internal combustion 
engine came in the 1880s, again in Germany, after Gottlieb Daimler designed 
a petroleum-fuelled internal combustion engine that used gasoline instead of 
coal gas. Petroleum burns much hotter than coal gas. This engine was small 
enough to power road vehicles. The technology of the engine had evolved to 
become practical, and mass production of these engines for use in automo- 
biles began (Figure B3.18). 


Mass production of cars with internat combustion engines 


Minds On... | Motors and Engines Today 
Motors and engines are devices that convert energy into 
some form of motion. For example, the motor in an electric 
fan causes the fan blades to turn. Engines and motors have 
become so much a part of our lives that it is difficult to 
imagine life without some of them. 


ganta Part B 
* identify up to 10 different types of devices that use 


engines to operate. These devices may be in machines, 
appliances, games, or gadgets in and around your home. 

e For each device, identify its energy source (electrical 
Outlets, batteries, gasoline, solar cells, etc.). For each 
device, decide if you could not possibly. could possibly, 
or could definitely live without it. 


i ized societies. 
e Summarize your results in a table. 


info Err 


One horsepower (hp) was a 
measure of the amount of 
power generated by a horse 
that could lift a 4500-kq 
mass a distance of 1 m in 
60 5. This historical measure 
for the power of an engine 
was determined by James 
Watt as he watched horses 
working in the coal mines. 
1 hp (horsepower) = 746 W 
(watts) 


1. What type of engine or motor was the most commonly 
found in devices at home? 
2. What was the most common source of energy? 


3. Were you surprised at the devices you could not live 
without? or those that you could live without? 


* In groups of two or three, brainstorm the uses of effec- 
tive engines in industrialized societies such as Canada. 
Research examples from your list or additional exam- 
ples and explain how these engines have a central role 
in our society. Write a summary report relating the 
importance of effective engines to modern industrial- 


Activity B12 


Problem-Solving Investigation 


Using Steam to Power Boats 


Recognize a Need 


Early engineers harnessed the power of steam to drive 
mining equipment. But steam can also be used to propel 
vehicles, including boats. In this investigation, you will 
create a model boat that is powered by a chemical combus- 
tion reaction. A burning candle boils water, causing steam to 
be produced, which propels the boat. 


The Problem 
How do you build a boat that uses a burning candle as its 
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energy source? 


Materials and Equipment 


1 piece of Styrofoam, 10 cm x 15 cm, 2 cm thick 
1 piece of Styrofoam, 10 cm x 10 cm, 2 cm thick 
1 piece of Styrofoam, 10 cm x 8 om, 2 cm thick 
aluminium foil 

water 


rubber or cork stopper with hole to fit medicine 
dropper or glass tubing 


medicine dropper or glass tubing 
test tube 

2 laboratory candles, 2 cm in length 
box cutter 

matches 

glue 

metre-stick 

stopwatch 

lab sink or small aquarium 
modelling clay 


dE ricine dropper 


oe aluminium toi 


UMS vr TEL AC 


Required Skills 

^ Initiating and Planning 

= Performing and Recording 
= Analyzing and Interpreting 
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* Communication and Teamwork 


Criteria for Success 


* Build à steamboat. Use the materials and the basic design 
listed below. 

* Test your boat. It must travel in a straight line on the water 
for approximately 15 cm. 

* Alter the basic design to improve the performance of the 
boat. 

* Analyze the alterations you made and communicate how 
they affected the boat’s performance. 


Build a Prototype (S 


CAUTIO! careful when handling the box cutter. 


o Use the 10 cm X 15 cm piece of Styrofoam as the 
bottom of your boat: Glue the 10 cm x 10 cm piece of 
Styrofoam to one end of the bottom of the boat, as 
shown in Figure B3.19. This is the back of your boat. 


(9 Glue the 10 cm x 8 cm piece of Styrofoam near the 
front of the boat to act as a support for the test tube, as 
shown. 


© Cover the top of the boats bottom with the aluminium 
foil. 


o Carefully insert the medicine dropper or glass tubing 
through the hole in the rubber or cork stopper. 


© Fill the test tube about half-full of water. Insert the 
Stopper with tubing into the test tube, 


© Using the box cutter, make a hole in the back of the boat 
for the medicine dropper or glass tubing, as shown. 
With the dropper or tubing through the hole, position 
the test tube so it is resting at a slight angle on the front 
support. 


Æ) Glue the two candles to the foil on the bottom of the 
boat near the bottom of the test tube, as shown. 


© Place the metre-stick along the length of a sink or a tank 
in your lab. 


Steam-powered boat 


Test and Evaiuate 


9 Place the boat in water and mark the starting position 
of the boat. 


@ Light the candles with matches. 


Y Measure the time it takes to travel 15 cm or to come to 
a stop, whichever comes first. 


(D) Modify one aspect of the design and do two trials of this 
modification. 


(B Create a table in your notebook like the one shown and 
record data from your design alterations. Make sure 
your data table has a title. 


Œ Decide how you will evaluate whether a modification 
improved the boats performance. 


[2] Record your boat's initial time in your notebook. 
O Note whether your boat moves at all or whether it 


Communicate 
moves in circles. 


Y Consider aspects of the engine design that could affect 
the propulsion of the steamboat and make a list of these 
aspects. 

the steamboat. 


Time Taken for the Steamboat 
to Travel 15 cm (s) 


Modification Made 
to the Steamboat 


Developing Future Technologies 


You have learned how, in the development of engine technology, the concept 
of energy and the laws of thermodynamics were discovered. Thus, devel- 
oping a technology can lead to new scientific concepts. 

Likewise, new technologies can be developed based on existing scientific 
laws and concepts. Spacecraft engineers have already predicted that using 
solar winds (discovered in the early 1950s) will be more efficient than using 
rocket fuel in propelling a human-operated space vessel across the vast 
expanse of space to Mars. They have designed spacecraft with wind sails, 
based on the concepts of wind energy and interplanetary magnetic field 
theory. 

Science-fiction writers often dream up amazing futuristic systems and 
machines. When these are brought to "life," through special effects, on a tele- 
vision or movie screen, the possibilities do not seem far-fetched at all. Could 
a machine ever be able to replicate food and beverages out of “thin air,” 
simply from a voice command to do so? Would it really be possible for living 
objects to be “beamed” or transported from one point in space to another, 
reappearing intact and fully functional on the other side? What type of 
energy would be required for such technological systems? 

For now, many of these imaginative machines remain just that—part of 
the imagination—either because the pure science behind such technologies is 
not known to us yet, or because the science is simply not possible at all. But 
there is no doubt that in the research to develop a new technology, new 
aspeets of the science behind the technology are being unravelled all the time. 
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Study your results and list the modifications that 
affected the propulsion of the steamboat. 


. State how each modification affected the propulsion of 


. How successful was your design in producing the 
necessary energy to propel the steamboat? 


|... SEARCH 


Using the Internet or the 
library, research the 
manufacture of some of the 
* largest steam engines. 
t © Which ship had the larger 
Steam engine: the Titanic 
or the Queen Mary? 
hat locomotive had the 
largest steam engine and 
what railway company 
> used it? 
* Begin your search at 


- NV pearsoned.ca/ 
4 school/science10 
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Recently, scientists have been able to "transport" a photon of light from 
one point of space to another. This is still very far off from the transportation 
of an atom, let alone a living cell! But, in using concepts developed in the 
theoretically-based science of quantum physics, the researchers have 
revealed yet again that anything is possible. Indeed, the development of 
future technologies is limited only by the limits of our existing scientific and 


technological knowledge. 


Check and Reflect 


Knowledge 


1. Explain why Hero's steam engine was used 
only for entertainment purposes. 


2. What events in the 1600s led to the invention 
of technologies that used steam energy? 


3. What two scientific discoveries in the 1600s 
led inventors to use steam to drive an 
engine? 

4. Why was the steam engine developed before 
internal combustion engines that used coal 
gas or gasoline? 


5. Why did Watt consider the Newcomen steam 
engine highly inefficient? 
6. What was one change that Watt made to the 


design of the steam engine ta make it more 
efficient? 


7. List two advantages and two disadvantages 
of the steam engine. 


8. What innovation did Daimler introduce to 
the internal combustion engine and why was 
it an improvement? à 

9. In the internal combustion four-stroke 
engine, what is the purpose of the intake 
valve and the exhaust valve? 
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Applications z 

10. Identify the major innovation in the design of 
the steam engine introduced by the following 
inventors. Describe how each innovation 
improved on the design. 
a) Papin 
b) Newcomen 
c) Watt 

11. Draw a simplified diagram of a reciprocating 
piston. Describe the process that draws water 
into the cylinder through the intake valve 
and the process that forces water through the 
outtake valve. 


12. Why was the internal combustion engine 
rather than the steam engine chosen to 
propel road vehicles? 


Extensions 


13. Research each of the following vehicles or 
machines and state whether the engine, in 
most cases, employs a reciprocating piston 
or a turbine. 

a) a minivan 

b) a 747 airplane 

c) a small propeller airplane 
d) a small propeller boat 

€) a lawn mower 

f) a motorcycle 


14. Identify three appliances or machines in 
your home that use: 
3) a piston engine 
b) a turbine 


1 3.3 Useful Energy and Efficiency 


After machines had been developed to harness energy transformations to do 
work, the focus shifted to how efficiently these machines could do the work. 
When James Watt was asked to repair a Newcomen engine, he saw how 
poorly the engine performed. He was the first engineer to examine the effi- 
ciency of machines. 

If machines or engines are to produce mechanical energy, then they must 
have moving parts. These moving parts rub against each other and produce 
friction, which in turn produces heat. For example, when two sticks are 
rubbed together, the heat generated can ignite them. While the person wants 
to produce heat with the sticks, heat from friction is unwanted in most 
machines. 

Engineers try to reduce the amount of friction between moving parts to 
reduce waste heat. Magnetic technology is allowing for some near-zero- 
friction situations. It does this by minimizing contact between the moving 
parts. The infoBIT at the beginning of section B1.1 describes how MAGLEV 
trains in Japan are designed to overcome friction by eliminating wheels and 
tracks. High-powered magnets force the train to rise (levitate) above a 
guideway and move forward. This technology allows the trains to achieve 
higher speeds than conventional trains. 


Useful Energy 


The purpose of a machine is to convert the initial energy added to it into the 
type of energy needed to do the work that you want done. All other types of 
energy produced and work done are considered wasted energy or work. The 
initial energy source is called energy input. The desired energy needed to do 
the work is called useful energy output, and the work the machine is 
supposed to do is the useful work output. 

For example, the purpose of a light bulb is to provide light by converting 
electric input energy to light output energy. However, a light bulb also 
produces heat in the process, The light is the useful energy output and the 
heat is the wasted energy (Figure B3.20). 

Systems with moving parts always lose some energy as heat, which is 
consistent with the first and second laws of thermodynamics. In the first law, 
the energy that is supplied to a system must equal all the energy that is 
gained by the system. For example, the energy supplied to your body (the 
system) by food energy must equal the energy of all the useful work done, 
plus all the wasted energy, which includes heat and the mechanical energy of 
the moving parts of your body. According to the second law, heat flows from 
hot to cold and, in the process, it can be made to do work. However, during 
the thermal energy transfer, some energy is always lost to the surroundings. 
"Thus the efficiency of a system can never be 100%. This means that you can 
never come close to getting the energy out of a system that you put into it. 


infoBIT 


The table below shows the 
energy consumed by the 
various components in an 
automobile from the 
combustion of gasoline. 


Component Energy 
in the Consumed 
Automobile (5) 


exhaust 33 
pum] 

cooling and 
heating 
system 
drive train 


accessories 


internal 
friction 
useful 
energy that 
propels the 
automobile 
forward 


iB A fight bulb 
produces more heat than useful light 
energy. 
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The mechanical 


efficiency of a crane is much less 
than 100%. 


Practice Problem 


1. In lifting a car, the total 
mechanical energy input 
of a hydraulic hoist is 


5.61 X 10* J, while the 
useful mechanical energy 
output is 1.96 X 10* J. 
Calculate the percent 
efficiency of the hoist. 


Efficiency 
Efficiency is a measurement of how effectively a machine converts energy 
input into useful energy output. It is expressed as a ratio: 


useful work output 
total work input 


efficiency = 


If efficiency is expressed as a percent. then the term is called the percent 
efficiency of a machine. Since there are different types of energy conversion 
devices, there are several formulas to calculate their percent efficiencies. 

Table B3.1 shows the efficiencies of some common engines, 


ILLI S: Efficiencies of Some Common Engines 


Type of Machine or Engine 


Efficiency (%) 


automobile internal combustion engine 12-15 
electric engine Up to 95 
Steam reciprocal engine à 50-75 
| Steam turbine engine Up to 40 


1. Conversion of Total Mechanical Energy to Useful Mechanical 
Energy 


Some machines or systems involve the conversion of mechanical energy to 
another form of mechanical energy. For example, a crane uses mechanical 
energy to do the work of lifting a load vertically to the top of a building 
(Figure B3.21). The load gains mechanical energy in the form of gravitational 
potential energy. The mechanical energy efficiency can be calculated as 
shown below. 


useful mechanical energy or work output 


percent efficiency = TET : x 100% 
f total mechanical energy or work input 
= Zmweisups) y 100% OR = Mesa sepu c 10096 
Eaftotad input friotal input 


Example Problem B3.1 

A crane lifts a load of construction materials from the ground to the 
second floor of a building. In the process, the crane does 2.30 x 10* J of 
work or mechanical energy input, while doing 8.00 x 100) of useful work 
or mechanical energy output in lifting the load. What is the mechanical 
percent efficiency of the crane? 


percent efficiency = Frejerafat oupa y 100% 
Eyota inp) 


_ 8.00 X 10^] 
2.30 x 10*J 21:200) 


34.896 
The crane is 34.8% efficient. 


i 
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Example Problem B3.2 

An internal combustion engine with an efficiency of 15.0% is used to do 
3.20 X 10‘ J of useful work, or mechanical energy output. Calculate the 
mechanical energy input that had to be supplied by the combustion of 


fuel in the engine. 


percent efficiency 


15.0 = 


15.0 


[om input) 


The mechanical energy input was 2.13 X 10° J or 213 kJ. 


= Emtusatul output) x 100% 


Emmen input 


3.20 X 10*] 


X 100% 
Ennis input) 


; Practice Problem 
(3.20 x 10* J)(100%) 


Eulen input) 


2. A small electric motor has 
an efficiency of 8596. In 
lifting a small load, it 


(3.20 x 10* J)(100%) 
15.0 produces 15 J of mechanical 


energy input. Calculate the 
useful mechanical energy 
output of the motor. 


2.13 x 105] 


1 


2. Transfer of Total Thermal Energy to Useful Thermal Energy 


If a pot of water is sitting on a hot stove element, the heat from the 
element will be transferred to the pot and the water. The efficiency of heat 
transfer in a system may be determined using the following formula. 


percent efficiency = 


heats. output x 100% 
heal input 


Example Problem B3.3 


In heating a pot of water, 2.00 X 10* J of heat was supplied by the stove 
element, If only 5.00 X 10? J of heat was actually gained by the water 


(heat output), what was the percent efficiency of the stove element? 


percent efficiency = 


heatusefat ott 10090 


heats input 
Practice Problem 
= 500X10] , 100% 
gon 10% 3. A Bunsen burner supplies 
4.00 X 10? J of heat to a 
Ease small beaker of water, Only 


The stove element has an efficiency of 25.0%. 


125 J of heat is actually 
gained by the beaker and 
water, Calculate the percent 
efficiency of the burner. 
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Inquiry Lab 


Efficiency of a Thermal Device 
{Teacher Demonstration) 


Before You Start... 


Your teacher will do all the steps in this activity that involve 
handling the lead shot. Make sure to record the data care- 
fully. 


The Question 


What is the relationship between the mechanical energy and 
heat in an energy conversion device? 


The Hypothesis 


Read over the procedure and state a hypothesis concerning 
the relationship between changes in the device's mechanical 
energy and its heat output. 


Materials and Equipment 

clear plastic tube with a 2.5-cm diameter, 1 m long 
2 cork or rubber stoppers 

1500 g of lead shot or pellets 


thermometer or temperature probe 
5 medium-sized Styrofoam cups 


electronic balance or triple beam balance 
metre-stick 


Procedure 


@ Create a data table like the one below. Be sure to give it 


Initial Final 
Temperature | Temperature 
tamu (PC) hy (C) 


Required Skills 

* Initiating and Planning 

= Performing and Recording. 
= Analyzing and Interpreting 
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= Communication and Teamwork 


CAUTION: Lead is poisonous, Use gloves when handling 
lead shot, and wash your hands thoroughly when you have 
finished. 


[2] Label the five cups as 1, 2, 3, 4, and 5, respectively. 


© Place the first Styrofoam cup on the balance. Measure 
the mass of the empty cup in grams. 


0 Slowly add about 300 g of lead shot into the Styrofoam 
cup. 


o Carefully measuré the mass of lead shot and the cup 
and then calculate the mass of the lead shot. Record 
this value in the appropriate column of your data table. 


o Using a thermometer or a temperature probe, deter- 
mine the initial temperature of the lead shot to the 
nearest 0.1°C. 


Place a stopper into one end of the hollow tube and 
carefully pour the lead shot into the tube. Place the 
other stopper into the open end. 


©) Hold the tube upright and use the metre-stick to 
measure the distance, to the nearest 0.01 m, between 
the top of the lead shot in the tube and the stopper at 
the top. This distance is the average height the lead shot 
will fall in the next step. Record this value in your data 
table. 


o Hold the tube in a vertical position, keeping the stop- 
pers firmly in place with both hands. Quickly flip the 
tube 180° and stop the tube in a vertical position, 
allowing all the lead shot to drop the entire length of the 
tube to the bottom. Continue flipping the tube in this 
manner 7 more times for a total of 8 flips, 


Number 
of Times 
the Tube 

Was Flipped 


Average 
Height 
the Lead 
Shot Falls 
h(m) 
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O Remove the bottom stopper and let out the lead shot 
into the Styrofoam cup and measure the final tempera- 
ture of the shot. Record this value in the appropriate 
column in your data table. 


Y Repeat steps 3 to 10 using Styrofoam cups 2, 3, 4, and 
5 and fresh lead shot at room temperature, but flipping 
the tube 16, 24. 32, and 40 times, respectively. 


Analyzing and Interpreting 


1. Complete a table in your notebook similar to the one 
below. Determine the change in gravitational potential 
energy of the lead shot in each trial. Note that the 
masses of lead shot should be converted to kilograms 
in this table. 


Total Height | Change in 
the Lead Gravitational 
Shot Falls Potential 

h(m) Energy of 

(h= distance | the Lead Shot 

of one fall x E. U) 

the number (E, = E= mgh) 

of flips) 


2. Complete a table in your notebook similar to the one 
below, determining the heat gained by the lead shot in 
each trial. 


Mass | Temperature Specific 
of the Change Heat 
Lead At("C) | Capacity of 
Shot Lead 

m la) c (Jig*C) 


0.159 


0.159 


3. Constructa data table that includes the changes in grav- 
itational potential energy of the lead shot and the heat 
gained by the lead shot for each trial. Using the data, 
draw a graph of heat gained by the lead shot as a func- 
tion of the changes in the gravitational potential energy 
of the device. Draw the line of best fit through the data 
points. 


Determine the slope of the line of best fit. What does 
this represent? 


. For each trial, determine the percent efficiency of the 
conversion of gravitational potential energy to heat. 
What is the average value of the percent efficiency of 
this device? 


Forming Conclusions 


6. Do your results support your hypothesis concerning the 
relationship between changes in mechanical energy and 
heat? 


Applying and Connecting 


7. Compare the percent efficiency of this device with the 
percent efficiency of other devices you have studied in 
this section. Is this device a good energy conversion 
device? Justify your answer. 


8. The air in the tube is also heated as the tube is flipped. 
If this did not happen, would the percent efficiency be 
higher or lower? Explain. 


„ Compare your results with those of other groups in 
your class. Determine what factors could have caused 
any difference in the percent efficiency values. 


. Suggest alterations to the design of the device that 
could improve the efficiency of the energy conversion. 
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Many insulated coffee mugs 
on the market today are 
made from stainless steel, 
which is a good conductor of 
heat. This seems to be 


contrary to the designed 
function of an insulated 
coffee mug, which is to keep. 
coffee hot by preventing the 
flow of heat. Use the library 
or the Internet to discover 
how stainless steel coffee 
mugs are designed to 
prevent the loss of heat. 
Draw a cross-sectional 
sketch of the mug, labelling 
all the parts, and their 
functions. Begin your search 
at 
E 4 Wav. pearsoned.ca/ 
school/science10 


3. Conversion of Total Thermal Energy to Useful Mechanical 
Energy or Vice Versa 


In many systems, the energy conversions involve thermal energy and 
mechanical energy. For example, the thermo-electric converter, or thermo- 
couple, in Figure B3.8, page 204, converts thermal energy to mechanical 
energy to turn a fan. Not all the heat input is converted to mechanical energy 
in the process. Some of the heat is lost to the surroundings. To calculate the 
percent efficiency of this type of device that converts heat to mechanical 
energy, use the following equation: 


Es uet 


ercent efficiency = 
D : heat 


- X 100% 


For devices that convert mechanical energy to heat, use 


heat, useful output 


percent efficiency = x 100% 


En ttotal input) 


In general, when you find the percent efficiency of any device, you are 
determining the percent of useful energy compared with the total energy 
input. 


ck and Reflect 


Knowledge 


1. In most machines, what type of energy is 
usually found as wasted energy? 


2. Which component in the operation of a car 
consumes the most energy? 


3. Explain what is meant by the term 
“efficiency,” when applied to a machine. 


4, What type of engine is the most efficient? 


Applications 


5. A machine consumes 1000 J of energy in 
doing 800 J of work in lifting a load. 
a) What is the energy input? 
b) What is the energy output? 
c) What value is classified as useful work? 
d) What value is classified as wasted energy? 
€) Calculate the percent efficiency of the 


machine. 


7. Calculate the percent efficiency of an engine 
that consumes 3.50 X 10° J of energy in doing 
2.30 X 10? J of work. 


8. The percent efficiency of a machine is 
35.0%, What is the useful work done if the 
machine consumes 1.20 X 10* J of energy? 


9. The percent efficiency of a machine is 
35.0%. What is the input energy required if a 
2.00 X 10"-kg object is to be lifted 5.00 m? 


Extensions 


10. Suppose you wanted to determine the 
percent efficiency of your skateboard. What 
would you measure as the work input and 
what would you measure as the work 
output? 


11. Compare a perpetual motion machine and an 
internal combustion engine in terms of 
percent efficiency. 
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6. Describe one situation where you would 


consider thermal energy as useful energy and 
one situation where you would consider 
thermal energy as wasted energy, 
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12. Compare a perpetual motion machine and a 


Rube Goldberg machine in terms of percent 
efficiency. 


B 34 Energy Applications 


Iwo things about energy are certain: we cannot live without it and we cannot 
create it. We use it to heat homes, run machines, cook food, and power appli- 
ances, tools, and gadgets. Through all the centuries of discoveries by brilliant 
and inventive scientists and engineers, we have not found a way to create 
energy. The best we can do is control it or transform one form of energy into 
another. Where does all this energy come from? 


Energy Supply 


Since the beginning of time, the most important and reliable source of energy 
on Earth has been the Sun (Figure B3.22). All primary energy sources are 
classified into two main categories: solar and non-solar energy sources. 


Solar Energy Sources 


Solar energy sources are those that are derived either directly or indirectly 
from the energy of the Sun. Solar radiation is the radiant energy from the Sun 
emitted by the hydrogen-hydrogen nuclear fusion reaction that occurs in the 
Sun's core. This radiant energy travels through space as electromagnetic radi- 
ation. It is captured directly by plants (through photosynthesis) or by Earth's 
surface, or by devices such as solar panels, solar cells, photovoltaic cells, and 
so on. 

Wind energy is the result of heating of the surface of Earth by the Sun. 
This heating causes convection currents of air, or wind. The energy in the 
movement of air may be used to turn wind turbines. The kinetic energy of the 
turbine is converted into other forms of energy such as electrical energy. 

Water energy results when surface water is heated by the Sun. It drives a 
hydrologic cycle. Heating causes evaporation of water into the atmosphere 
where it then condenses, creating rain. The falling rain creates flowing water 
in streams and rivers, This moving water can be converted into other forms of 
energy through hydro-electric dams. 

Biomass is any form of organic matter, such as wood, wood residues, 
crop residues, seaweed, algae, and animal wastes. These substances are indi- 
rect solar energy sources, since they store energy from the Sun through the 
process of photosynthesis. All of these can be combusted to release chemical 
potential energy. 

Fossil fuels such as oil, natural gas, and coal are also considered indirect 
solar energy sources because all fossil fuels were formed from plants and 
animals that lived millions of years ago. 


Non-Solar Energy Sources 


Non-solar energy sources have no relationship to the Sun. They include 
nuclear energy, which is the energy obtained from a conversion of mass to 
energy in a nuclear reaction. This reaction can be either fission (uranium or 
plutonium fission) or fusion (hydrogen-hydrogen fusion). Fission reactions 
can be controlled in a nuclear reactor, such as the CANDU reactor. 
Geothermal energy is thermal energy from Earth's interior. Superheated 


fo rr 


Earth receives about 

1.75 x 10" J of energy 
from the Sun every second. 
This amount of energy is 
more than the total energy 
consumed by humans since 
the beginning of 
civilization. 


The Sun is the 
primary energy source for lile on 
Earth. 
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Biogas is the waste gas 
produced from decaying 
organic matter and contains 
up to 70% methane. At the 
Clover Bar landfill site in 
Edmonton, biogas is used to 
heat water to produce steam 
to operate a power station. 
This station produces 
enough electricity to meet 
the electrical needs of 

10 000 homes per year. 


There are 

60 wind turbines at the Castle River 
Wind Farm west of Pincher Creek in 
southern Alberta. Each turbine 
produces enough energy to power 
300 homes a year. 


water is evidence of the tremendous heat deep inside Earth. This water 
gushes to Earth's surface via geysers and hot springs, and it can be used to 
generate electricity. Geothermal power plants use the superheated water to 
Create steam to power turbines. Geothermal energy can only be exploited in 
those areas with volcanic activity, where geysers and hot springs are found. 

Tidal energy involves the movement of ocean water, creating tides. Tides 
are caused by the gravitational pull by the Moon and, to a lesser extent, by 
the Sun. The kinetic energy in this movement of water can be converted to 
other forms of energy, such as electricity. The tides in the Bay of Fundy are 
the highest in the world, reaching up to 17 m. 


Renewable and Non-Renewable Energy Sources 


Energy sources can also be further classified as renewable energy sources 
and non-renewable energy sources. Renewable energy sources are ones that 
are continually and infinitely available (solar, wind, water, geothermal, tidal, 
and biomass). Biomass is considered a renewable source of energy hecause 
forest reserves can be replaced in a reasonable length of time. Non-renewable 


energy sources are ones that are limited and irreplaceable (nuclear and fossil 
fuels). 


Energy Sources and Electricity Generation 


Although energy sources can be used directly, most of these energy sources 
are used to produce electrical energy, which is then used for a multitude of 
purposes, Electrical energy is one of the most important forms of energy in 
industrial societies. Before the 1900s, electricity was not widely used, but 
today it provides over 40% of all the energy consumed, Power-generating 
stations most commonly use fossil fuels, flowing water, wind, or nuclear 
energy as the initial energy sources, which are then converted into the 
mechanical energy used to rotate the turbines. Deciding which energy source 
to use when a power station is built depends on which source is the most 
readily available and practical in that area. For example, Pincher Creek in 
southern Alberta is very windy, which makes it an ideal location for wind 
turbines (Figure B3.23), 


222 Unit B: Enerav Flow in Technolaniral Suctamc 


Energy Demand 


Historically, our ancestors used renewable sources of energy, such as solar 
energy and wood or biomass. Today, these sources make up only a small frac- 
tion of our energy supply. Our current consumption of energy from different 
sources is shown in Table B3.2. 


Global Yearly Energy Consumption Irom Ditferent Sources (2001) 


Global Yearly Energy Consumption (x 10" J) 
conventional oil 150° 


coal 


natural gas 


“includes shale oil and oil sands 
Adaoza Yom BP Statistica! Review ef World Enargy 2002 


Several factors have placed dangerous demands on our energy supplies. 
First, the amount of energy consumed per person has been increasing expo- 
nentially. Our ancestors consumed about 10 000 000 J or 10 MJ of energy per 
person per day. Today, the global average for energy consumption per person 
per day is 180 MJ. This figure rises for people in industrialized countries, 
who consume, on average, 1000 MJ per person per day! 

Second, the world population is also growing exponentially. Up until the 
19505, the growth of the world's population was steady but slow. In the 
19505, there were huge innovations in medicino, such as the development of 
vaccines and antibiotics. Better public health increased the average life span. 
There were also technological innovations which improved people's 
lifestyles. As a result of all these developments, the world population has 
been increasing at an exponential rate (Figure B3.24). Currently, there are 
over 6 billion people on the planet. So, 
there are more people consuming more 


energy. 10 
Third, many societies now use non- 

renewable energy sources rather than cd 
renewable sources as the primary source E 

of energy. Until the 1950s in Alberta, 2 6 
most power stations produced electrical E 
energy from hydro power, or flowing 3 4 
water. When large coal reserves were S ^ 


discovered near Edmonton, it then 
became cheaper to build coal-fired gener- T 
ating stations than hydro-electric dams. 11155 m ix 
Today, only 5% of electricity generation 
in Alberta is from hydro power and 85% 
is from coal. The other 10% is from 
natural gas. 


Popuation Relb'enos Bureau. 
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A recent discovery by two 
Alberta researchers is touted 
as the first new way of 
producing electricity in 

160 years. Their 
electrokinetic microchannel 
battery harnesses the energy 
created on a tiny scale when 
a flowing liquid meets a 
solid surface. By squeezing 
water through a ceramic 
filter containing 

10 000 microtubes, they 
were able to generate 
enough electricity to light a 
small bulb. This new way of 
producing electricity may 
one day replace hydrocarbon 
fuels as the source of energy 
for electrical generation. 


Global Population 1750-2002, with Projections to 2050 


1950 2000 2050 


‘Adapted Irom Untied Nations Woríd Population Prospects, The 2002 Revision and estimates by Ihe 


The global population is predicted to reach 9:3 billion by 2050. 
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Decision-Making Investigat 


Comparing the Energy Content 


of Fossil Fuels Used in Alberta 


The Issue 


Which type of fossil fuels should be used in thermal energy 


Required Skills 

© Initiating and Planning 

* Performing and Recording 

= Analyzing and Interpreting 
Communication and Teamwork 


ion Iren an 


Begin your search at 
» WWw.pearsoned.ca/ 
school/science10 


Analyze and Evaluate 


1. Use the library or the Internet to do your research. 


Every time there is an energy conversion, some energy is 
wasted in the form of heat, as stated in the second law of 
thermodynamics. It has been determined that hydro-electric 
generating stations are 70% efficient and coal-burning 
stations are only 35% efficient. This means that twice as 
much energy is lost as heat in coal-burning power stations 
as in hydro-electric stations. 


Hydro versus Coal-Burning E 


Questions 
1. How many energy conversions take place in each type 
of generating station? 
2. Identity all the locations where energy could be lost as 
heat. 
Using your answers to the previous questions, explain 


plants in Alberta? why hydro-electric power stations are more efficient 


than coal-burning power stations. 
Can you suggest how efficiency could be improved in 
each type of power station? 


a) Research the energy content of each type of fossil 
fuel in joules per kilogram of fuel (J/kg). 

b) Research the environmental effects of using each 
fossil fuel in your area. š 

c} Research which source of energy will supply the 
most energy over the long term. 


Study the diagrams of a hydro-electric power station and 
a coal-burning power station on page 192 and answer the 


Background Information 9 ; 
following questions. 


Modern technological demands for readily available and 
relatively inexpensive energy sources have made fossil fuels 
the most widely used source of energy. Power stations use 
technologies that rely on fossil fuels as an initial source of 
energy. Alberta has reserves of all three fossil fuels, and they 
| can be transported to all parts of the province. Coal is the 
most readily available, followed by oil, and then natural gas. 
Suppose the Alberta government has proposed the 
construction of a power station in your area, and the station 
must use a fossil fuel as the initial source of energy. Your 
group has been asked to research which fossil fuel to use: 
oil, gas, or coal. The government will use the results of your 
research to make the most appropriate decision. 


Analyze your research and decide which fossil fuel Energy Consumption and Conservation 


should be used. Before the 1970s, the reserves of fossil fuels seemed inexhaustible. Because 


they were relatively simple to extract, fossil fuels were the most inexpensive 
and desirable sources of energy. In the 1970s, the major oil-producing nations 
severely cut back on oil production, which caused an oil shortage (Figure 
B3.26). The shortage, in turn, caused oil prices to skyrocket. The sudden 
shortage was called an energy crisis. This forced experts in industrialized 
nations to examine their consumption of oil and other fossil fuels. Experts 
realized that at the current rates of consumption, the reserves of the fossil 
fuels would soon be depleted. Because industrialized countries were greatly 
dependent on fossil fuels, efforts were made to research and develop alterna- 
tive energy sources and technologies that could harness them. 

At the current rate of consumption, our known fossil-fuel reserves are 
fast becoming depleted. Table B3.3 projects the number of years remaining 
for each fossil fuel as an energy source. Proven reserves are those that geolog- 
ical and engineering information indicates can be recovered in the future 


Once your group has completed a written report recom- 
Mending a particular fossil fuel, present the report to 
the rest of the class who will act as representatives of 
the government and the community, After the presenta- 
tion, each member of your group must be able to justity 
and defend your recommendation. 


The Effects of Energy Use 


Our dependence on fossil fuels has placed a strain on 


FIGURE The oil 
shortage in the 1970s resulted in 
long line-ups al gas stations. 


existing supplies. It has also had significant effects on the 
environment (Figure B3.25). The search for and extraction 
of fossil fuels have resulted in damage to ecosystems. For 


from known deposits under current economic and operating conditions. 


Comparison of Three Fossil Fuels 


example, drilling for oil in the muskeg of northern Alberta Fossil Fuel Global Yearly Proven Reserves Projected Number 

has left scars on the landscape. There is also the danger of Consumption of of the Fossil Fuel of Years Left 
Een on x de 5 5 oil leaking from wells, polluting the surrounding area. the Fossil pen ies Lemma lal 

es x z Even though fossil fuels are relatively cheap and of 2001 (x 10" J) 

convenient sources of energy, burning them may damage conventional oil 150* 6088 | — 

our environment Pormansntiy; Emissions from the l 96 21362 216 

combustion of fossil fuels contain greenhouse gases and ea 

oxides. Greenhouse gases contribute to climate change natural gas 92 5893 62 


and oxides contribute to acid rain. 

The overall effect of an increasing population, an 
increasing demand for energy, and the shift toward the 
exploitation of non-renewable energy sources is having 


“includes shale oll and oil sands 
Adigizd from BP Statistical Review of World Energy 2002 


t does not include shale ail and ai] sands 


If everyone reduced their consumption of fossil fuels by 25%, this would 


(b) Burning fossil fuels contributes to thermal pollution, 
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far-reaching consequences. 


extend reserves for several more years. An alternative is to search for new 
fossil fuel reserves around the world. However, these two approaches are 
only short-term solutions because they are merely prolonging the inevitable. 
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Any initial energy source 
may be used to generate 
electricity. Power stations 
tend to be located close to 
their energy supply. For 
each of the generating 
stations listed below, 
determine why each station 
is located where it is. Copy 
the table and fill in the 
third column, 


Location of | Why is the 


nuclear 


biomass 


fossil fuel 
(coal) 


Begin your search at 


www.pearsonecd.ca/ 
E school/science 10 


Methods to Conserve Energy 


Turn off all unnecessary lights. 


Turn down the thermostat a few 
degrees at night. 


Take a bus or car pool to work or 
school. 


Yet another approach is to search for alternative energy sources. 
However, the search for new sources of energy is extremely expensive and it 
will be difficult to incorporate new energy sources into society and develop 
technologies that use the new sources. Imagine every machine that we 
possess having to be changed to adapt to a new energy source. 

Until we develop a new energy source, the most practical solution to 
dwindling fossil fuel supplies is to conserve as much energy as possible by 
reducing our energy use, To do this, we must consume our current energy 
supplies efficiently. This has to be done across all fronts—personal, commer- 
cial, industrial, and transportation—until a new practical energy source is 
developed. 

The largest consumers of energy in industrialized countries are business 
and industry, so it is important that they use energy efficiently. Most compa- 
nies could conserve large amounts of energy by doing such things as turning 
out unused lights, turning off equipment or placing it in standby mode, and 
buying energy-efficient products. Many companies have already installed 
more energy-efficient lighting, heating, and cooling equipment to conserve 
energy. 

Another less obvious method is to encourage industries to use cogeneration. 
This is the process of using waste energy from one process to power a second 
process. For example, in a thermal power station, the steam that is used to 
turn the turbines could then be used to heat local buildings before returning 
to the combustion chamber to be reheated. Currently in some power stations, 
the heat from the steam, once it has passed through the turbine, is wasted 
because it is vented to the outside surroundings. 

TransAlta, a Calgary-based energy company, operates plants that use 
cogeneration. Its Cancarb Thermal Carbon Black Plant in Medicine Hat is a 
conventional thermal power plant that burns natural gas to create heat and 
electricity. Beside this plant is its Cancarb Waste Heat Recovery Power Plant, 
a cogeneration plant. This cogeneration plant generates steam from the waste 
heat created by the thermal plant to drive a turbine ta generate electricity for 
the city of Medicine Hat. This cogeneration reduces the overall CO, emis- 
sions in southern Alberta by 160 000 tonnes per year. 

Individuals also have to use energy efficiently. The tables below suggest 
some methods individuals can use to conserve energy and give statistics that 
can help consumers make energy-efficient choices. 


Aware of Efficiency Statistics 


Major electric appliances must meet a minimum standard of energy efficiency. New 
appliances must show an EnerGuide label, which shows the appliance's yearly energy 
consumption in KWh. The lower the number, the more efficient the appliance. 


A frost-free refrigerator uses twice as much energy as a conventional refrigerator. 
— — — Mer E 
An electric stove uses twice as much energy as a gas stove. 


Avoid using eneray-wasting 
appliances and gadgets. 


Take shorter showers. 


An incandescent light bulb uses three times as much energy as a fluorescent bulb. 


A large sport utility vehicle uses more than three times as much energy as a smaller. 
compact vehicle. 
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Achieving energy efficiency and conservation are, at present, the best 
solutions to preventing an energy crisis, but it can also be argued that even 
these are merely postponing the inevitable. Sooner or later, we will deplete 
all the non-renewable sources of energy. 

All sectors of society must become conscious of the problem and search for 
a solution. The solution or solutions can't benefit just a few places for a short 
while; they must benefit all societies over the long term. The solution must be 
sustainable. A sustainable process will not compromise the survival of living 
things or future generations while still providing for our current needs. 


Sustainable Development and Planning for the Future 


Sustainable development is economic development that meets current needs 
without compromising the ability of future generations to meet their needs. If 
we want to achieve sustainable development, continuing our current energy 
practices that emphasize depletion of non-renewable resources will not help. 
When we, as a society, develop large-scale energy policies for the future, we 
have to keep sustainability in mind. If energy policies place more emphasis 
on reducing current energy demands and improving efficiency of current and 
future power plants, they will improve the sustainability of our fossil fuel 
reserves. However, a more proactive approach that emphasizes research into 
cost-efficient ways to obtain energy from renewable resources may help 
society reach the goal of true sustainability. Some people believe that govern- 
ments should lead the way. 


heck and Reflect 


info BIT 


First Nations cultures teach 
that people should live in 
harmony with nature, since 
we are all part of nature. 
They do not see resources 
and the environment as 
separate. By conserving 
energy, we are protecting 
the environment and 
ourselves. 


Knowledge 


1. Give three examples of solar energy sources 
and three examples of non-solar energy 
sources. 


2. What is the ultimate source of energy in the 
Sun? 

3. What is biomass? 

4. What is cogeneration? 

5. What is meant by the term "sustainable"? 


Applications 

6. Why are fossil fuels regarded as indirect 
solar energy sources? 

7. Explain why photosynthesis is considered a 
direct use of solar energy while a windmill is 
an indirect use of solar energy. 

8. Why is biomass considered a renewable 
energy source? 


9. What three factors are chiefly responsible for 
the modern strain on our supply of non- 
renewable energy sources? 


10. Discuss the term "energy crisis." 


11. Identify two short-term solutions to the 
energy crisis. 


12. What is the most practical solution to the 
energy crisis? 


Extensions 


13. List five costs and five benefits of developing 
thermal power stations. 


14. It has been suggested that in order to 
conserve energy, governments should impose 
a "user-pay" tax for users of fossil fuels. Give 
three advantages and three disadvantages of 
this tax. 
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1. What is the energy conversion in a heat engine? 


2. What are the two statements that describe the 
second law of thermodynam 


S? 
3. Under what conditions will a machine be 
classified as a perpetual motion machine? 


4. If you are forming a snowball with your bare 
hands, what is the direction of heat flow? 


5. Explain the operation of a thermo-electric 
converter, 


6. Name three sources of energy that pre-industrial 
societies used to operate their simple machines. 


7. What are three benefits and three costs of non- 
renewable energy sources? 


8. Why is southern Alberta a prime area for the 


development of windmills for the generation of 


electricity? 


Applications 


9. Describe one example in your classroom that 
can be explained using the first law of 
thermodynamics. 


10. A soft rubber ball and a steel ball bearing are 
both dropped from the same height onto a 
concrete floor. Which ball do you predict will 
tise higher? Justify your answer and state the 
law of thermodynamics that is best applied to 
this situation. 


11, Can the heat output of a heat engine be greater 
than the heat input? Does this violate the first 
law of thermodynamics? 


12. Compare a hydro-electric power station and a 
thermal power station, Which of the two 
methods is the most efficient at generating 
electricity? Explain your answer in terms of 
useful and wasteful energy, 


13. Explain what is meant when it is stated that the 
efficiency of an engine is 25%. 


14. A heat engine with an efficiency of 35% has a 
heat input of 1000 J. 
a) What is the heat output? 
b) What happens to the rest of the energy? 


15. What is the energy crisis? 


16. What is the current method of solving the 
energy crisis? 


17. To lengthen the life span of nen-renewable 
energy sources, energy conservation can be 
practised by all parts of society. Describe one 
method of energy conservation that can be 
applied in the following areas: 

a) residential c) industrial 
b) commercial d) transportation 


18. Explain why energy conservation and efficiency 
are merely postponing the energy crisis. 


19. What is a better solution to the energy crisis? 


20. In terms of energy content of fuels, suggest why 
thermal power plants in Alberta use non- 
renewable sources of energy such as coal and 
natural gas, instead of renewable sources such as 
wood. 


Extensions 


21. Explain why the freezer compartment in the 
older model refrigerators was always at the top. 


22. How is efficiency related to the conservation of 
energy? 


23. The hot-water heater is one of the largest 
consumers of energy in the home. Explain at 
least three ways the hot-water heater can be 
made more efficient. 


24. If the internal combustion engine is so much 
less efficient than an electric motor, why do 
automobiles still use the internal combustion 
engine as a source of power? 


25. How does the phrase “sustainable development” 
differ from the perspective of an 
environmentalist or an oil industry employee? 
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Cost-Benefit Analysis of Energy Sources 


for Transportation 


Background information 
Whenever a controversial change in a technology is proposed, 
experts in the field are usually consulted to do a cost-benefit 
analysis of the technology before any further steps are taken to 
develop the technology. "Costs" refers to all the factors that 
weigh against the technology, such as negative impacts on 
society and the environment. "Benefits" refers to all the factors 
that favour the development of the technology. 

Cost-benefit analyses are done often by industry and 
governments because they help these organizations make 
decisions on difficult issues. 


Scenario 

Imagine that you are given the task of presenting a proposal to 
ihe government concerning the advantages and disadvantages 
of different energy sources used for transportation. The results 
of your proposal will determine which type of electrical gener- 
ating station is to be developed in your area. 


Research the Issue 


1. To enable you to present your proposal, you will need to 
complete cost-benefit charts like the ones shown below. 


Begin your search at 
> Www,pearsoned.ca/ 
school/sciencetO 


D 


2. Identify at least three energy sources that can be used In 
transportation. 


3. Research five costs and benefits for each energy source. 


Analyze the Issue 


4. In the chart, list the benefits and the costs of each type of 
energy source. Rate each benefit and cost using a scale of 
1 to 10, 10 being the greatest benefit or cost. 


5. Once you have rated all the costs and benefits, total your 
ratings for costs and benefits. 


6. According to your results, which energy source has the 
greatest benefit? 


7. According to your results, which energy source has the 
greatest cost? 


Address the Issue 


8. Using the information that you have researched and your 
analysis, prepare a cost-benefit analysis that clearly outlines 
how you reached your decision as to which energy source 
should be used. 


Energy 
Source 


Electricity | 1. 
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Build an Energy Conversion Device 


In this activity, you will design and build your own device to 
demonstrate the principles of energy conversion and transfor- 
mation. At the beginning of section 83.0, in Figure B3.1, you 
Saw an example of a Rube Goldberg machine. This is an oppor- 
tunity for you to design and build your own such machine. 


Criteria for Success 


* Your device must perform at least three energy transfor- 
mations, 


* You must be able to explain what happens at each transfor- 
mation, 


* You must be able to describe how your working model 
functions and identify all places where energy is wasted. 
Procedure 


[1] Working in a small group, brainstorm possible designs. 


e Choose one design. Draw and label the design. Identify the 
energy transformations and where they will take place. 
Identity where you think energy will be wasted. 


©} Make a list of materials you will need to construct your 
device. Choose materials that you can bring from home or 
find in the science lab. 


© Have your design approved by your teacher. 


[5] Once you have finalized your design and chosen your 
materials, construct a working model of your device. 


© Test your device to see if it works and make modifications 
if necessary. Keep notes on any modifications you make. 


@ Demonstrate your model to the class. 
Analysis ~ 


1. Demonstrate and describe the energy conversions and 
transformations in your device. 
2. Identify all the places where energy is wasted. 
3. What type of energy is released as wasted energy? 
4. Describe any modifications you could still make to improve 
your device. 
Reporting 


5. Create a summary report that describes how the design, 
construction, modification, and demonstration of your 
device met the criteria listed above. 


Investigating the energy flow in technological 
systems requires an understanding of motion, 
work, and energy. 


Key Concepts 
* one-dimensional motion 
* work 


Learnings 

* Uniform motion is represented as a straight line on a 
distance-time graph and as a straight line with a slope of 
zero on a speed-time graph. 

e All physical quantities in physics can be classified as 

scalar or vector quantities, depending on whether direc- 

tion must be included in their measurement 

Velocity is a vector quantity describing the displacement 

of an object during a time interval 

Acceleration is a vector quantity describing the rate of 

change of the velocity of an object. 

e | a force is applied to an object, there is a transfer of 
energy to the object, which causes a change in the 
motion of the object. For work to be done, there must be 
movement and a force; the force and the distance trav- 
elled must be in the same direction 

* Work being done by applying a force through a distance 
against an opposing force results in a transfer of energy. 


Energy in mechanical systems can be 
described both numerically and graphically. 


Key Concepts 

e forms and interconversions of energy 

* mechanical energy conversions and work 

e design and function of technological systems and 
devices involving potential and kinetic energy. and 
thermal energy conversions 


Learnings 

e Heat and kinetic energy or potential energy can be 

converted inte each other. This tinding led to the definition 

of energy as the capacity to do work, 

Other forms of energy are: chemical energy, stored in 

chemical bonds; electrical energy, produced by moving 

electrons; magnetism; light energy; nuclear energy; and 

solar energy. 

Potential energy may be gravitational, elastic, or chem- 

ical. 

e Potential energy can be converted to kinetic energy and 
kinetic energy can be converted to potential energy. 


* According to the law of conservation of energy, Ihe total 
amount of energy in a given situation remains constant. 
Evidence of e: ly transformations comes from observed 
changes, such as changes in motion, shape, or tempera- 
lure. 


[83.0] Principles of energy conservation and 
thermodynamics can be used to describe the 
efficiency of energy transformations. 


Key Concepts 

* technological innovations of engines that ied to the devel- 
opment oi the concept of energy 

design and function of technological systems and 
devices involving potential and kinetic energy, and 
thermal energy conversions 

efficient use of energy, and environmental impact of ineffi- 
cient use of energy 


Learnings 

* Thermodynamics is the study of the interrelationships 
between heat, work, and energy. The total energy. 
including heat. in a system and its Surroundings remains 
constant 

Perpetual motion ar perfect machines are not possible 
because some of the input energy is converted to heat 
and lost to the surroundings 

Heat flows from warmer objects to cooler ones and, in the 
process, some heat can be converted to mechanical 
energy to do work. The efficiency of a system is always 
less than 100%, You can never get as much useful energy 
out of a system as you put in 

Throughout history, devices have been invented to 
harness different forms of energy to do work. Innovations 
in the technology used in different types of engines led to 
the development of the concept of energy. 

Over time, different people made improvernents to the 
design oi the steam engine, making it more efficient: 

e The internal combustion engine depends on energy 
produced by burning fuel inside the engine. 

Solar energy sources include radiant energy, wind 
energy, water energy, biomass, and fossil fuels. Non-solar 
energy sources include nuclear energy, geothermal 
eneray, and tidal energy. 

The change from the use of renewable sources of energy 
to non-renewable sources, the exponential growth in 
world population, and the increase in energy consumed 
per person have created a crisis in energy. 
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Vocabulary 


1. Using your own words, define the following 
lerms; 


acceleration 

cogeneration 

efficiency 

energy 

first law of thermodynamics 
force 

heat 

kinetic energy 

law of conservation of energy 
potential energy 

second law of thermodynamics 
sustainable 

system 

uniform motion 

velocity 

work 


Knowledge 


2. Classify the following terms as either scalar or 
vector quantities and give an example of a 
measurement of each (include the units and a 
direction if necessary): 

a) distance travelled 
b) displacement 

c) speed 

d) velocity 

e) acceleration 

f) work 

g) energy 

h) force 

3. What two measurements would you take to 
determine the speed of an object? 


4. In your own words, describe how acceleration 
differs from uniform motion. 


5. What happens to the motion of an object when 
an unbalanced force is applied; 
a) in the same direction as the initial motion of 
the object 


b) in the opposite direction as the initial motion 
of the object 


6. When is work done on an object? 


7. Describe one situation where a force is being 
applied to an object and the object moves 
through a distance, yet no work is done on the 
object. 


8. A force of 20.0 N is required to lift an object 
1.30 in [rum the flour tu the top of a table. How 
much work was done on the object? 


LB 2.0) 


9. Show how the unit for kinetic energy, which is 
the joule, J, is derived from the fundamental 
units (kg, m, and s). 


10. Define kinetic energy. 
11. Name two types of potential energy. 


12. Describe the relationship between the weight of 
an object and the work done on it. 


13. When a rock is projected into the air by the 
elastic of a slingshot, explain why the rock will 
go faster if the elastic is stretched an extra 
distance. 


14. A rock is shot vertically into the air with a 
catapult. At what point is the kinetic energy of 
the rock the greatest? At what point is the 
gravitational potential energy the greatest? 


15. Give an example of an energy transfer in: 
a) a technological system 
b) a biological system 
c) a chemical system 


16. What is the energy conversion in a solar cell? 


17. Explain why hydro-electric generating stations 
are so much more efficient than thermal 
generating stations. 


18. Identify all the energy conversions that take 
place when you turn a page in this book. 


19. What is the difference between a heat engine 
and a heat pump? Give an example of each. 


20. How are the first law of thermodynamics and 
the law of conservation of energy related? 


21. Describe a situation in your home that illustrates 
the first law of thermodynamics. 

22, If heat is added to a perpetual motion machine, 
ideally what should happen? 

23. How are the first and second laws of 
thermodynamics related? 


24. Describe an example in your home that 
illustrates the second law of thermodynamics. 


25. Draw a simplified diagram of a Newcomen 
steam engine and describe its operation. 


26. What are two differences between the Watt 
steam engine and the internal combustion 
engine? 

27. Why is coal considered as actually being energy 
from the Sun? 

28. Describe three energy sources in your home that 
could be converted from non-renewable to 
renewable sources of energy. 


29. Define cogeneration and describe an example of 
how cogeneration could be applied in your 
school. 


Applications 


30. Sketch a distance-time graph showing the 
motion of objects travelling at 10 km/h, 
20 km/h, and an object at rest. 


31. A car travelling at 90.0 km/h travels 180 km. 
How long will the journey take? 


32. A bird flies straight down from its perch on the 


branch of a tree to the ground, a distance of 
10.0 m. The bird then returns straight up to the 
perch. The total time of flight is 4.0 s. What is 
the bird's 

a) distance travelled? 

b) displacement? 

C) average speed? 

d) average velocity? 


33. A car accelerates from rest to 50.0 m/s [N] in 


6,00 s, What is the acceleration of the car? 


34. A student applies a force of 6.0 N to slide a book 


a distance of 0.33 m across a tabletop. Calculate 
the work done by the student. 


35. A chain and boom mechanism is frequently used 
to hang advertising signs on a storefront, as 
shown below. 


State whether each of the three forces acting on 
the ring (caused by the chain, boom, and sign) is 
a push or a pull on the ring. 


36. A force af 100 N is required to push an object a 
distance of 5.00 m. Calculate the work done. 


37. Why are water reservoirs in smaller communities 
placed high up on a hill or in high water towers? 

38. A crate is pushed horizontally along tho floor. 
Describe the changes in kinetic energy and in 
potential energy. 

39. A 2.30-g bumblebee is flying at a speed of 
2.50 m/s. What is the kinetic energy of the 
bumblebee? 

40. A 2.00 X 10°-kg car has a kinetic energy of 
4,00 X 10° J due to its motion, What is the speed 
of the car? 


PO ^^^ 


41. A 0.400-kg rock is balancing on the edge of a 
cliff 500 m above a valley, What is the 
gravitational potential energy of the rock with 
respect to the valley below? 


42. A construction worker with a weight of 800 N is 


walking on a steel beam high up in an office 
tower under construction. If the construction 


worker has 7.90 X 10*] of gravitational potential 


energy at this point, how high is the worker 
above the surface of Earth? 


43. A cannon in a circus stunt fires a 750-N 
performer vertically to a height of 15.0 m. What 
was the speed of the performer just as the 
cannon was fired? 


44. Each of the following describes a situation 
involving potential energy: 
i) Water is stored in a reservoir high up on a 

hill. 

ii) A model rocket is attached to its launching 
apparatus. 

iii) A spring-loaded toy gun is set to fire a “nerf” 
dart. 

For each of the above situations: 

a) Identify the type of potential energy stored. 

b) Explain how the stored potential energy in 
each case can be made to do “useful work.” 

c) Describe the type of energy into which this 
potential energy can be transformed. 


45. After finding an AA battery in a drawer and 
installing it in a CD player, a student was 
surprised when the CD player operated, even 
though the student knew that the battery was at 
least a year old. 

a) Whatis the initial source of energy in a 
battery and why is it called potential energy? 

b) Why was the battery still functional, even 
after a long period of time? 

c) Where does this initial potential energy go 
when the battery is used to operate a CD 
player? 

46. A 0.300-kg bullet is fired from a gun at a speed 
of 747 km/h. If the bullet rises straight up into 


the air, what is the maximum height that the 
bullet can reach? 


47. A 2.00-N ball is lifted 1.00 m above the ground 
and dropped. Explain how you would 
determine the speed of the ball just before it hits 
the ground. 


48. A 2.00-kg object is rolling on the floor and 
begins to climb an incline. Explain how you 
would determine the height to which the object 
will rise up the incline. What factor must you 
ignore? * 


49. Give an example in your home where waste heat 
could be reused. 


50. A matchstick is rubbed on a surface and ignites. 
Explain all the energy conversions that take 
place. 


51. The energy that we require for our existence 
comes from the chemically stored energy in 
food. What happens to the person whose work 
output is less than the energy consumed? 


52. For centuries. inventors have been trying to 
design a perfect machine or a perpetual motion 
machine, Theoretically, there are different types 
of perpetual motion machines. 

i) Machines with an efficiency of over 100%. 
ii) Machines that can extract heat energy from a 
source and convert it completely to other 

forms of energy. 

iii) Machines that convert mechanical energy 
into mechanical energy, with no loss. 

a) Using the first law of thermodynamics, 
explain why the first situation is impossible. 

b) Describe a technology that could be 
explained by the statements in ii) and iii). 


53. A steam engine has a heat input of 1000 J and 
does 350 J of useful work. What is the percent 
efficiency of the engine? 


54. An internal combustion engine has a percent 
efficiency of 1595. How much is the work input 
if the engine lifts a 400-N object through a 
vertical distance of 3.50 m? 


55. A hot-water bottle is filled with hot water and 
then sealed. Consider the hot-water bottle as a 


system. 

a) What would be classified as its 
surroundings? 

b) What type of system is it: open, closed, or 
isolated? Explain your answer. 

c) What type of system would it be if it began 
leaking? 


56. How did scientists realize that the energy from 
the Sun could not be chemical energy from the 
combustion of matter? 


57. A coal-burning power station has three major 
components where energy transformations 
occur. 

a) Name each component. 

b) In each component, identify a “useful” 
energy produced in a transfer or 
transformation, and a “wasteful” energy 
produced. 


58. Consider the power plant in the previous 
question. Describe how cogeneration may be 
used to increase the efficiency of each energy 
transfer or transformation, and so reduce 
“waste” energy produced in each component, 


59. Homeowners can help heat their homes by 
installing a fireplace that can burn wood, coal, 
or gas. Your neighbours have asked you to help 
them decide which fuel type to use. For each 
fuel source, identify the following: 

a) its major benefit 
b) its major drawback or risk 
c) how sustainable it is 


60. In section B3.1, a hypothetical temperature- 
difference boat was shown as an application of 
the second law of thermodynamics. 
Theoretically, this method should be able to 
propel a boat. Identify and discuss two 
limitations of this boat. Discuss how the second 
law of thermodynamics prevents the boat from 
being 100% efficient. 


Extensions 


61. Describe an example where trial and error 
resulted in the development of a technology. 


62. Why do the terms “science” and “technology” 
seem to go hand in hand? 


63. What do you think was the most important 
technology developed in the 1900s? Justify your 
answer by stating how this technology has 
affected your life. 


64. Whenever a transfer of energy occurs, an object 
may undergo a change in motion, position, or 
temperature. Using thermal energy as one of the 
energy, describe a situation depicting a change 
in: 

a) motion 
b) position 
c) temperature 


65. What single energy conversion in your home 
contributes the most to the loss of energy? Can 
you suggest any methods to improve the 
efficiency of this energy conversion? 


66. When an object is thrown up into the air. there 
is a constant change in the kinetic and potential 
energy of the object. Describe the changes in the 
mechanical energy of the object and justify your 
answer. 


67. A 10.0-g marble is dropped from a tabletop 
1.30 m above the floor. Using calculations, 
determine at what height above the floor the 
kinetic and the potential energy are equal. 


68. A dog lifts a 30.0-g bone from the bottom of a 
hole that was 20.0 cm deep. If the dog lifts the 
bone to the surface of Earth, does the bone gain 
any gravitational potential energy? Explain your 
answer. 

69. A pendulum is lifted to the same height on 
Earth and on the Moon. Explain the differences 
in the kinetic and potential energy. 


70. Hydro, thermal, and nuclear generating stations Skills Practice 

are located in various regions in Canada. 

a) Where would each station be ideally located? 

b) Describe two similarities between all these 
types of generating stationis. 

c) Describe two differences between a thermal 
and a nuclear generating station. 

d) Rate each type of generating station in terms 
of efficiency. 


75. The ticker tape below depicts the motion of an 
object: 


00 10 20 30 40 50 60 70 
Time t(s) > 
71. A superconductor is a device that can transport 
a current without any loss of energy. Can it be a) Using a ruler to measure distances, complete 
classified as a perpetual motion machine? Use a table of values, similar to the one shown 
the first and second laws of thermodynamics to below, depicting the distance from the 
explain your answer. starting point at various times. 


72. Describe an example where the principle of Time t (s) Distance d (cm) 
cogeneration of heat could be applied in the 
home. 00 
73. The following topics were listed in the agenda of b) Draw a distance—time graph. 
a meeting of energy specialists: c) From the graph, what type of motion is the 
à) energy conservation object undergoing? 
b) energy efficiency d) Calculate the slope of the line of best fit. 
c) alternative sources of energy e) What does this value represent? 
d) environmental concerns ) What type of graph would depict the motion 


Which topic should be the most important goal of an object that is accelerating? 


for governments to consider when discussions 76. Use the ticker tape from the previous question. 
regarding energy and the future are being held? a) Complete a table of values by calculating the 
Explain your answer. speed of the object during the time intervals 


74. How would the discovery of a new energy indicated. 


source to replace fossil fuels affect vour home 


Time Interval t (s} 
and some technologies in your home? el 


Speed v (cm/s) 


0.0-1.0 


1.0-2.0 
20-30 
3.0-4.0 


4.0-5.0 


5.0-6.0 


6.0-7.0 


b) Draw a speed-time graph. 
c) What type of motion is displayed by the 
shape of the graph? 


d) What would the shape of the graph be if the 
object was travelling with accelerated 
motion? 

e) Calculate the slope of the line of best fit of 
the graph. 

f) What does this value represent? 

g) Extrapolate the line of the graph to 7.0 s and 
calculate the area under the line at 7.0 s. 

h) What does this value represent? 


77. The following graph represents a force being 
applied to move an object through a horizontal 
distance. Calculate the work done on the object 
to move it 5.0 m. 


Force-Distance Graph 

10.0 
z 
— 
>= 
s 
* 
= 
2 
P 

00 

00 50 
Distance d (m) 


78. The position-time graph in the next column 
displays the motion of an object in accelerated 
motion. Study the graph and answer the 
following questions. 


a) In your notebook, draw the four different 
segments displaying accelerated motion in 
the graph. 

b) For each segment, identify whether the 
object is speeding up or slowing down. State 
whether the motion is in a positive or 
negative direction. 

c) Sketch a velocity-time graph of the four 
accelerated motions displayed in the 
position-time graph. 


Position-Time Graph 


Pasition 


Time ( 


79. Imagine that you are stranded on a small, 
uninhabited tropical island. After combing the 
entire island, you discover that the only 
vegetation are coconut palms, hollow bamboo 
plants, fruit trees, and various grasses. For 
protection, you decide to build a hut on a cliff 
overlooking the ocean and directly above a fresh 
water stream. Using concepts that you learned 
from this unit, describe a method you could 
devise to transport water up to the hut. Identify 
at least two problems that might have to be 
overcome in the design of your technology and 
discuss how your design solves each problem. 


Self Assessment 


80. Throughout the unit, when doing investigations 
and research projects, you have had to draw 
conclusions. In science, how important is the 
process of drawing conclusions? What affects 
how good those conclusions are? 


81. Describe what you found most interesting in 
studying energy and technological systems in 
this unit. 

82. Identify one issue that you would like to explore 
in more detail. 


83. Think back to the first section of the unit. Why 
do you think the concept of energy was so 
difficult to develop and what role did 
technology play in helping develop the concept? 


84. What changes in your own life would you 
undertake to conserve energy? 


AAT 


In this unit, you will cover the following ideas: 


L] 
C C | | n 0 f M a tt G r Our current understanding of the cell is due in part to developments 
in imaging technology. 


€1.1 A Window on a New World 


Li Li LI 
€1.2 Development of the Cell Theory 
| Vy | n g €1.3 Developments in Imaging Technology and Staining Techniques 


€1.4 Cell Research at the Molecular Level 


L Living systems are dependent upon the functioning of cell structures 
ys e m S and organelles. 


€2.1 The Cell as an Efficient. Open System 


€2.2 The Role of the Cell Mem in Transport 
€2.3 Applications of Cellular Transport in Industry and Medicine 
02.4 Is Bigger Better? 


Plants are multicellular organisms with specialized structures. 
€3.1 Cells, Tissues, and Systems 

€3.2 The Leaf and Photosynthesis 

€3.3 The Leaf Tissues and Gas Exchange 

£3.4 Transport in Plants 

€3.5 Control Systems 


Focus on the Nature of Science 


In this unit, you wi 


out the life proc 
advancements have improved our understanding of cell structure and function. 
Useful questions to guide you in your study include: 


. How did the cell theory replai 2 pt of “spontaneous generation” 
tionize the study of life sci 


2. How single-celled o is arry out life functions? 


. How do plants us lls a to accomplish the same 


and function of c 


At the end of the unit, you may be asked to do these tasks: 


Case Study Help Wanted 

In this case study, you will research engineering applications of transport systems in cells. You will 

prepare a presentation on a specific area of research to make the case for its application in industry 

A reflected light image of the jellyfish species in or medicine. 

which the gene forthe luminescent green fluorescent Project The Impact of Environmental Factors on Plant Function 

eis afia. eit. € gd In this project, you will develop a proposal to investigate the question: Are plant cells able to 

luminesce uche ^ t R respond to changing levels of carbon dioxide? You will state a question and hypothesis, identify 
televant variables, and design an experimental procedure. 


I Municipalities are responsible for 
maintaining the quality of drinking water 
provided through water treatment facilities 


bacteriophage 
65 K 95 nm 


yetlow fever virus 


a few nanometres. 


W Microorganisms like bacteria and 
viruses can range in size from 10 ym to just 


In May 2000, the residents of Walkerton, Ontario, suffered 
Canada's worst case of water contamination, Most types of 
the bacterium, Escherichia coli, are harmless; several types 
are even found in the intestines of humans and animals. 
However, E. coli strain 0157:H7, the strain that entered the 
water supply of this small town, produces a powerful toxin 
that can cause serious illness. Seven people in Walkerton 
died as result of ingesting E. coli strain O157:H7 bacteria. 
These deaths brought renewed national attention to the 
importance of clean, safe drinking water. Victims of the 
Walkerton contamination were offered an experimental drug 
developed at the University of Alberta by Dr. Glen 
Armstrong, called “Synsorb,” which is able to absorb E. coli 
toxins in the human digestive tract. 

How do we protect against water contamination like that 
experienced in Walkerton? Environment Canada identifies 
good drinking water as being free of disease-causing organ- 
isms, harmful chemical substances, and radioactive matter. 
The water should have a good taste and be odourless and 
clear. Maintaining clean drinking water is an important task 
and not an easy one. Bacteria, viruses, and other physical. 
chemical, and biological contaminants may be washed into 
lakes, rivers, streams, reservoirs, and groundwater, which 
are all common sources of drinking water for cities and 
towns. Municipalities are responsible for maintaining the 
quality of drinking water provided to their residents, In 
order to accomplish this task, water treatment facilities 
usually have a pre-filtering process to eliminate large 
contaminants, and then a full-scale water purification 
process to ensure that the water is potable (fit for drinking). 
This process includes treatment to solidify impurities, filtra- 
tion through several layers of sand or charcoal, and the 
addition of chlorine disinfectant. 

There are other, more expensive, methods of purifying 
water that use little or no chemical disinfectant and depend 
on what have become known as “membrane technologies.” 
The membrane is a synthetic fibre barrier that contains 
microscopic holes or pores through which pure water can 
pass, but physical and biological contaminants cannot. You 
may have heard of "reverse osmosis" water purification 
systems, in which water is passed through a series of 
membranes at very high pressure. This is one of many types 
of membrane technologies that are being developed. 


— —uÜ24— 


Membrane technologies are used not only in water purification, but also in chemical, 
petrochemical, pharmaceutical, food, agricultural, environmental, and biotech- 
nology industries, What you may not know is that the use of membranes, to select 
which substances can pass through, is modelled on the way in which plant and 
animal cells transport materials, Technology enables the study of natural systems, 
but the reverse is true, as the study of natural systems can help us to identify and 
develop synthetic systems to perform similar functions at high efficiency. Some of 
these systems and their applications in industry will be explored in this unit. 


Activity C1 


QuickLab [Student Reterence Ki 


Pore Size in Various Materials © Draw a diagram of the weave of the cloth or the surface 
of the paper. 

The pore size of a material will determine what can pass 

through it. This concept is important in water filtration 

systems. If a product cannot eliminate bacteria and viruses, 

additional purification methods may be needed. 


[5] Repeat your observations for two other samples. 
Compare your results with those of another student who 
has used different materials. 


Purpose Questions 


To examine the relative pore size of different materials and to 1. Compare the weave and pore size of the different mate- 
relate pore size to the ability to exclude micro-organisms rials you observed. Which material would be most 
efficient as a filtration membrane? Explain your choice. 
. What is the relation between pore size and filtration 
cioth samples (erg., linen, cheesecloth, unbleached ability? Rank the materials supplied to the class in order 
muslin, polyester, or other materials such as of their ability to filter out particles. 
waterproofed fabric) 
paper samples (e.g.. filter paper, paper towel) 
Scissors 
water 


Consider the pore size of each type of filter system listed 
across the top of the table shown below. Complete the 
table to indicate which of the micro-organisms listed in 
dropper the left hand column can be excluded by which filter, 
microscope slides Use + to indicate that a filter can prevent an organism 
dissecting microscope (optional) or magnifying glasses from passing through it and — to indicate that it cannot. 
small, flat, transparent metric ruler 


Filters Granulated | — Carbon Micro 

Activated Block Filtration 
CAUTION: Use proper technique when handling , [Carenpoym| 8 pmd 0 1-1. 8 pm) 
microscopes and magnifying glasses. Handle glass slides e 


refull £audatur 
i — [180-300 um) 


Giardia amba 


Cotes (8-12 um) 
@® Cuta small square (of side about 1.0 cm) of each of the Escherichia coli 
cloth and paper samples provided by your teacher, 120-25 ym) ] 


smallpox virus 
[2] Using a dropper, place several drops of water on a 10.25 ym) 


microscope slide. Add one square of cloth to the water — aes 
to make a flattened wet mount. virus (0.03 sim) 


[3] Examine the square of cloth through the dissecting 4. Explain why simple titration alone may not be sufficient 
microscope or by using the magnifying glass. Place à to mantai a sale wala SUDDEN 
ruler on the wet mount and, using the magnifying glass, 
count or estimate the number of pores present in the 
cloth along a line 0.5 cm as shown on the ruler, 


Exploring 241 


Key Concepts 
In this section, you will learn about the 
following key concepts; 


* microscopy and the emergence of cell 
theory 


Learning Outcomes 
When you have completed this section, you. 
‘will be able to: 


* trace the development of the cell theory; all 
living things are made up of one or more 
celis and the materials produced by these, 
Celts are functional units of life, and all cells 
come from pre-existing cells 


+ describe how advancements in knowledge of 
Cell Structure and function have bean 
enhanced and are increasing as a direct 
result of developments in microscope 
technology and staining techniques 


* Identify areas of cell research at the 
molecular level 


Our current understanding of the 
cell is due in part to developments 
in imaging technology. 


ook at the images of 

grains of salt seen 

through the naked eye. 
under 400% magnification, 
and using an electron micro- 
scope (Figure C1.1). Describe 
"salt" as seen through each 
image. 

Microscopes are used in 
many areas of our lives. 
Forensic scientists solve 
crimes through the micro- 
scopic analysis of hair, fluids 
including blood, body tissues, 
fibres, soil, and DNA. Crop 
diseases and pathogens in 
food, water, and air can all be detected through the study of micro- 
organisms under the microscope. Tiny defects in the metal of bridges 
and airplanes are found with the use of microscope technology. 
Diseases like malaria and tuberculosis can be prevented and treated 
because of information obtained through the use of microscopes. 

Microscope technology even affects surgery. Today, many opera- 
tions are performed using new instruments and a technology known 
as laparoscopic or keyhole surgery. In this procedure, the surgeon 
makes one to three tiny incisions, and then inserts a fibre-optic light, 
scalpel, and other surgical tools through a thin tube. A baton-like 
instrument fitted with a magnifying eyepiece with à tiny video 
camera provides a highly magnified view of the surgical area on a 
television screen. There are many benefits to laparoscopic surgery; 
the patient generally loses less blood, experiences less pain, has a 
faster recovery time, and the tiny incisions produce less scarring. 
This technique is used in performing knee surgery, removing gall- 
stones, hernia operations, and a ground-breaking procedure called 
“closed-heart bypass surgery,” in which a blocked cardiac artery is 
repaired using robotic and computer-assisted tools, without the need 
to open the chest cavity. 

In this section, you will learn how our understanding of the cell 
and its structure and function has developed over time, and has 
depended on advancements in imaging technology. You will also be 
introduced to areas of cell research that have an impact on the daily 
lives of many people, whether they know it or not. 


AGRAS] Compare the detail seen in 


these three images of table salt. 


C ll A Window on a New World 


Throughout history, people have been intrigued by the 
structure of living things. Our current understanding of life 
processes is the result of developments that date from the 
time of Aristotle, a Greek philosopher of the 4th century 
B.C. As you know from earlier studies, the inquiry process 
for science involves a cause-and-effect question that leads 
to a hypothesis, and an experiment to test the hypothesis. 
To know what questions to ask, a scientist must first care- 
fully observe the system being studied. The early Greeks 
were primarily philosophers, preferring to think out 
possible answers to questions rather than testing their 
ideas, but Aristotle followed a pathway of accurate obser- 
vation and record making, followed by reasoning and 
interpretation. Aristotle made careful observations and 
descriptions of more than 500 animal species and set up a 
classification system based on his observations. His 
approach was a fore-runner of methods used by modern 
scientists. It was not until the invention of the microscope, 
however, that scientists were able to see and begin to 
understand the building blocks of living things. 


Early Microscopes and Microscopists 


A window was opened on the microscopic world when the 
development of the theory of optics and the discovery of 
the magnifying properties of lenses allowed scientists to 
study objects smaller than could be seen with the human 
eye. It is believed that Hans and Zacharias Janssen, Dutch 
lens-makers, invented the microscope in about 1595, using 
a two-lens system of an eyepiece, or ocular lens, and an 
objective lens (Figure C1.2(a)). This would have been the 
first compound“ microscope, meaning that it made use of 
more than one lens to magnify objects. The Janssens’ micro- 
scope had a magnifying power of approximately 20%. 

By 1665, Robert Hooke in England was using a hand- 
made microscope (Figure C1.3) that had a three-lens 
system (Figure C1.2(b)). The illumination was a beam of 
light concentrated on the specimen by passing the light 
through a water-filled glass flask. In that year, Hooke 
published his Micrographia containing 38 illustrations of 
plant, animal, and non-living objects viewed through the 
microscope. Hooke was interested in gaining information 
about the structure of cork. It was not understood at the 
time why cork had its unusual properties: it was light- 
weight; could float on water; was firm, vet compressible 
under force. He examined thin slices and saw many empty 
chambers which he called "cells," as shown in Figure C1.4. 


info rr 


The word "cell" is derived 
from the Latin word cellula, 
meaning "small 
compartment." Why do you 
think Robert Hooke coined 
the word "cell? 


" eye A 
eyeniece 
eyepisos 
Wi 
V field lens. 
i 
objective I" H 
lens Fa 1 
specimen e | A 
objective 
lens é 
(à) A two-lens system specimen IT 


with a single eyepiece 
(ocular) lens 


(b) Hooke's three-lens system 
has two lenses in the acular. 


The field lens passes light 


rays in a straight lina to the 
eyepiece. This allows better 
conservation of light from the 


‘object. 


takers Lens systems in the light microscope 


FIGURE CU. The elegant compound microscope made 


{or Robert Hooke in 1660 
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MICROGRAPHIA: 


ces drawings of cork cells (a) 


appeared in his Micrographia ot 1665 (b). 


SEARCH — 


Sometimes, "scientists" are thought of 

as stereotyped old, eccentric brains in 
white lab coats. In reality, the people 
responsible for major scientific 

discoveries often have interesting and — : 
even colourful stories to their lives. Find 
out about the people who were involved 

in the development of the microscope. 
Write a biographical paragraph about 

one of these personalities. Try to 

capture their interests and pursuits, 
including but not limited to 

contributions to science. Begin your 
search at 


- w Dear / 
school/science10 


The cork therefore consisted primarily of air pockets surrounded 
by a thin mesh of fibre. He did not know then that these tiny 
chambers were the remnants of living cells, the simplest func- 
tional units of life. 

At about the same time, a Dutch businessman, Antoni van 
Leeuwenhoek, using only a simple single-lens microscope rather 
like a magnifying glass, was the first to see the movement of 
different types of single cells that we now know as bacteria, 
sperm, and unicellular protozoa. These were the first observations 
of individual free-living cells surviving as independent systems. 
Van Leeuwenhoek made careful drawings of his discoveries and 
named them His microscopes were small, prob- 
ably about the size of his palm, and the lens was held directly at 
the eye. This system was difficult to use. However, because of van 
Leeuwenhoek’s skill in making the tiny lenses for his micro- 
scopes, he was able to produce higher magnifications than those 
of the compound microscopes of the day (up to 250 *, In bright 
light, this allowed for clear observation of cell structure and 
movement. Light microscopes continue to be important instru- 
ments to the cell biologist because they allow the scientist to see 
the movement of living cells. Hooke and van Leeuwenhoek both 
recorded their observations in detail and made them available to 
others by publishing through the Royal Society of London. 


"animalcules." 


Improvements in Lens Technology 


Van Leeuwenhoek's success was mainly due to the quality of his 
lenses. Early compound microscopes were less efficient than van 
Leeuwenhoek's single lenses because the images produced by the 
compound microscopes were often blurry, with a halo of light 
around the object. These image problems were the result of the 
light being scattered as it passed through the different lenses. 
During the 18th century, a combination of lenses called an achro- 
matic lens was developed to control the halo and improve the 
amount of detail that could be seen. 


Activity C2 


Inquiry Lal 


Estimating an Ohject's Size with the Microscope 


A compound light microscope magnifies specimens. The 
magnification depends on the combination of lenses used. It 
is interesting and informative to view objects under a micro- 
scope, but it is often difficult to know the actual size of the 
object being observed. Magnification causes us to lose our 
perspective on size. In this lab, you will learn how to esti- 
Mate the size of an object by comparing it with something 
you already know—the diameter of the field of view. 


The Question 
How can the compound microscope be used to estimate the 
size of microscopic specimens? 


The Hypothesis 


if the diameter of the field of view is known, then the size of 
an object can be estimated. 


Materials and Equipment 

compound light prepared slides; animal 
microscope ceils, plani cells. 

fiat transparent metric unicellular organisms 
rulersmallenough to unlined paper 
be positioned onthe ^ pencil 


icroscope si 
i pen mathematical compass 


Required Skills 

© Initiating and Planning 

* Performing and Recording 

= Analyzing and Interpreting 

* Communication and Teamwork 


| Student Reterence U 


CAUTION: Observe proper technique with the microscope 
and slides to ensure safe handling of equipment. 
Procedure 


o Review the proper handling and use of the microscope 
in Student Reference 8: The Compound Light 
Microscope. 


Set up your microscope and place a transparent metric 
ruler on the stage so that it covers about half of the 
stage as shown in Figure C1.5. 


© Observe the ruler under low power. The field of view is 
the entire area that you see when you look through the 
microscope. Move the ruler so that you are measuring 
the diameter (width) of the low-power field of view from 
left to right and set one of the millimetre divisions at the 
edge of the field of view as shown in Figure C1.6. 


| FIGURE C1.6 | 1.6 | FIGURE C1.6 Mow ihetuler so that you can measure the 
diameter of the field of view. Line up a millimetre mark at the 
edge of the circle. 


© Create a data table in your notebook like the one below. 
Remember to give your table a title. Record the magni- 
fication for each power. 


Skill Practice Calculating Magnification 


Field 


In Activity C2 Estimating an Object’s Size with the 
Microscope, you will use the compound microscope to esti- 
mate the size of objects. This Skill Practice will give you the 
chance to review how magnification is calculated. In a 
modern compound microscope, the power of the objective 
lens and the power of the eyepiece are multiplied to give the 
magnifying power or magnification of the system. What is 
the magnification of a system that has a 4x objective lens 
and a 10x eyepiece ? 


magnification = (power of objective lens) (power of eyepiece) 
= (4)(10) 
= 40x 
What is the magnification if the following combinations of 
lenses are used? 


low power 


Magnification Field Diameter Field Diameter 
m (mm) (um) 


Measure the diameter of the low-power field to the 
nearest tenth of a millimetre. Record this measurement 
in the table in your notebook. Convert the diameter from 
millimetres to micrometres. Record in the table. 
Remember, 1 mm = 1000 pm. 


high power 


sep 


measuring the diameter of 
the field of view 


a) a2.5x low-power objective lens and a 10x eyepiece 


SS SPL. tt d RR LL NN 


b) a 100x high-power objective lens and a 10 eyepiece 
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o You cannot measure the diameter of the high-power 
field of view using the procedure outlined above 
because it is less than one millimetre, but you can use 
the following ratio to calculate the field diameter under 
high power. This relationship between the field of view 
and the degree of magnification is represented in the 
following formula: 


high-power field diameter 
low-power field diameter 


low-power magnification 
high-power magnification 


Show your work, Record the high-power field diameter 
in millimetres and micrometres. 


© Examine a prepared slide of an animal or plant spec- 
imen through the low- and high-power objective lenses. 
Draw what you see in the field of view on low power. 
Calculate the scale of your drawing by comparing the 
diameter of the circle in your drawing with the field 
diameter that you obtained in step 5. For example, if the 
field diameter of the low-power objective was 3 mm and 
the diameter of the circle on the drawing was 3 cm 
(30 mm), the scale of the drawing would be 10:1. Refer 
to Student Reference 8 for a discussion of scale 
drawings. 


heck and Reflect 


Knowledge 

1. Contrast the methods and results of Hooke 
and van Leeuwenhoek. 

2. List ways that the investigations of Aristotle, 
Hooke, and van Leeuwenhoek were similar 
to modern scientific investigations. 

3. What is the difference between a simple and 
a compound microscope? 

4. What is the field of view when making 
observations through the light microscope? 

5. Explain how to calculate total magnification 


when using a compound light microscope. 
Give an example. 


Applications 
6. Using the medium-power (10X) objective 


@® Estimate the size of objects you view under the micro- 
scope by comparing them with the diameter of the field 
of view. An organism that takes up one-half of a field of 
view that is 500 um in diameter, has a size of about one- 
half of 500 um, or 250 ym. 


o Obtain prepared slides of various organisms and prac- 
tise estimating their lengths and/or widths. Record the 
information in a data table. 


© Return your microscope and slides to their proper 
storage locations once you have finished this activity. 


Analyzing and Interpreting 


1. How many times is the magnification increased when 
you change from the low-power to the high-power 
lens? 


2. How many times is the field diameter decreased when 


you change from the low-power to the high-power 
lens? 


Forming Conclusions 


3. State how you would estimate the size of an object 
viewed under the high-power (40x) objective lens, if 
you were given the size of the field diameter, when 
using the low-power (4x) objective lens. 


lens, a student measured the diameter of the 
field of view as 1.5 mm. Convert this 
diameter to micrometres. 

7. Use the value you found in question 6 to 
calculate the field diameter when the student 
used the high-power (40x) objective lens. 

8. A structure on a diagram measures 2.5 cm. 
The actual size of this structure is 0.5 mm. 
What is the scale of the diagram? 


Extension 


9. Using what you have learned about optics in 
previous science courses, research and 
explain the use of convex lenses in a 
compound light microscope. 


C le Development of the Cell Theory 


Sometimes, scientists find that even with solid evidence to support new 
ideas, it is difficult to change traditional thought. Social pressure has an 
effect on the acceptance of scientific ideas and technological advancements. 
The attitudes and skills of scientific inquiry, including questioning, 
predicting, observing, and recording, are required to provide unbiased and 
factual information. Investigations must follow ethical guidelines, and 
results must be reproducible under controlled conditions. An example of the 
way that science, technology, and society are linked is found in the develop- 
ment of our current understanding of the way living cells function. The 
microscope provided the technology to explore the world of microscopic 
particles and organisms. It was then possible to obtain evidence for or against 
generally accepted opinions or theories about living things. 


Spontaneous Generation 


The idea that life could emerge spontaneously from non-living matter was 
widely accepted from the time of the Romans through to the 19th century. 
Even during the time of Robert Hooke and Antoni van Leeuwenhoek, it was 
generally accepted that to produce mice, one simply had to put sweaty 
underwear and husks of wheat in an open jar, After about 21 days, the sweat 
and husks would combine and change the husks into mice. You may find this 
theory amusing, but how would you explain the presence of the mice in the 
jar? 

In 1668, Francesco Redi, an Italian physician and poet, questioned the 
belief that maggots appeared spontaneously from raw meat. Instead, he 
believed that flies laid their eggs in the meat. Redi set up an experiment to 
test his hypothesis. He set out flasks containing raw meat, but some were 
sealed, some were covered in gauze, and some were open to the air. In this 
way, he controlled the access of flies to the meat. Maggots were found only in 
the flasks that were open and accessible to flies to lay their eggs (Figure C1.7). 
Despite the evidence, the idea of spontaneous generation continued to 
thrive. 

In an effort to prove that living things could be produced from non-living 
matter, in 1745, English clergyman John Needham boiled chicken broth and 
put it in a flask and sealed it. Everyone accepted that boiling killed micro- 
organisms, since boiling was a common method of removing substances that 
would make one ill; however, in Needham's experiment, micro-organisms 
still appeared. Victorious, Needham suggested there was a life force that 
produced spontaneous generation. Lazzaro Spallanzani, an Italian priest and 
scientist, refuted Needham's claim and instead proposed that there were 
micro-organisms in the air that were responsible for the new growth. He 
repeated Needham's experiment but drew off the air in the flask. Nothing 
grew in the remaining broth. Critics suggested that all Spallanzani had 
shown was that air was required for spontaneous generation to occur. The 
theory of spontaneous generation continued to be accepted. 

In 1859, the French Academy of Sciences announced a contest for the 
best experiment to prove or disprove spontaneous generation. The French 


go rr 


The theory of spontaneous 


generation was proposed by 


Aristotle in about 350 fl. C. 


FIGURE C1.7 !nheds 


experiment, the manipulated variable 
was access of flies to the meat. 
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Research current possible 
occupations in the fields of 
microbiology, immunology, 
and biochemistry. Begin 
your search at 


oned.ca 


AEGSE Louis Pasteur, a French 


Scientist who disproved the concept of 
spontaneous generation 


chemist Louis Pasteur submitted the following experiment in 1864. He 
used the work of Needham and Spallanzani with an important change. 
Before boiling meat broth in a flask, Pasteur heated the neck of the 
flask and bent it into an "S" shape, as shown in Figure C1,8, Air could 
reach the broth, but micro-organisms and other particles would get 
caught in the S-bend. Nothing grew in this broth, but if the flask were 
tipped so that the broth reached the S-bend in the neck, moulds would 
later appear. The text on page 249 is taken from a translation of hand- 
written notes of a speech in French given by Louis Pasteur at the 
Sorbonne Scientific Soiree on April 7, 1864. 


This text allows us to review the characteristics of a scientific 
experiment. Pasteur controlled his experiment in that he used the 
same broth, the same type of flasks, and the same light and tempera- 
ture conditions. All of these—broth type, flask type, light, and 
temperature—are the controlled variables. Pasteur’s manipulated 
variable was the access of dust to the flask; his responding variable 
was the ability to grow mould in the broth. In the experimental series 
in which he manipulated the access of dust to the flask, Pasteur had an 
experimental control, a part of the experiment in which the manipu- 
lated variable is not changed in any way from its normal condition. His 
experimental contro] was the flask in which dust had normal ace: 
the broth after boiling, with the result that mould growth occurred, 

His experimental treatments were: 


a) to prevent the access of dust to the broth, resulting in evidence 

of no growth of mould; 

b) to allow access of dust to the broth very briefly, resulting in 

evidence of mould growth. 

Pasteur (Figure C1.9) provided strong evidence that spontaneous 
generation did not occur, but also that micro-organisms are found in 
the air. His work opened new doors to microbiology, immunology, and 
biochemistry, and gave credibility and new importance to the 
processes of conducting controlled experiments, maintaining detailed 
records of observations, and connecting results to conclusions. On the 
discipline of strict experimental tests, he commented: “Imagination 
should give wings to our thoughts but we always need decisive experi- 
mental proof, and when the moment comes to draw conclusions and 
to interpret the gathered observations, imagination must be checked 
and documented by the factual results of the experiment.” 


Examples of Pasteur's 
flasks that did not 
become contaminated 
Theo the middle is 
sealed, the others open 
but with an S- dend 


Pasteur Tackles 


Spontaneous G 


“Now suppose I decant a portion of this 
necked flask, such as this one. If I boil it 


eneration Theory 
infusion of organic material into a long- 
and allow it to cool, then in a few days, it 


: s s 
will contain fully-developed moulds or infusoria. By boiling the infusion, I destroy 


any germs there might havi 


infusion remains in contact with the air, 


infusions. A 


e I repeat this experiment É 
1 ^ er's torch, allowing it to bend and stretch, while 


neck of the flask over n glazi 


remaining open. I then boil the ligi 
second flask will remain completely un 


month, a year, three years, : A 
5 ay that long. The liquid remains completely pure, as lear et 


already been underw 


distilled water. What, then, is the difference 


contain the same liquid, they both contain air, ai 
the other remains un : i a 
of the first flask, the germs contained in L enit: d 
flask, reaching the liquid, where they find appropriate 


undergo alteration, while 
difference is this: In the case 
can fall down the neck of the 


nourishment, and proceed to develop. 5 the case of the 
impossible, or at least very difficult for ai enie 
is extremely turbulent. Where does it go instead? It 


flask. When air enters the flask 


tively minor changes in 4 
pede solid particles it carries fall before they reach the opening, or 


all of the dust and other 


e been in the liquid, or on the walls of the flask. But as this 


it undergoes alteration, like all such 
t but before boiling the liquid, I place the 


uid, and allow it to cool. Now, the liquid in this 
altered, not just for two days, or three, or four, 
or four! For the experiment just described has 


between the two flasks? They both 
nd they are both open. Why does one 
changed? Gentlemen, the only 


second flask, however, itis 

dust to enter the flask, unless the ai 
falls on the curved neck of the — 
in accordance with the laws of diffusion, or as a ; 
temperature, it enters slowly, slowly enough that — 


along the early portions of the curved neck. 


Gentlemen, this experi 


the air, with the exception of dust, may en 
into contact with the liquid. Whatever y 


magnetism, ozone, and perhaps 


through, reaching the infusion. 


demonstrated by the fact that, 


infusi ill, two or three days later, ; 5 
pL entry of air brought the infusion into contact with dust. 


Why? Because the rapid 


This excerpt is from a translation of notes 
April 7, 1864. This work was published 


ment is generous in its lessons. For notice that everything in 


ter the flask with extreme ease, thus coming 
ou imagine air to contain—electricity, 
even substances as yet unknown to us—it all passes 
The one thing which can't enter easily 3 as 
if I shake the flask violently two or three times, the 
be seen to contain animalcules and mould. 


for a speech given by Pasteur at the Sorbonne Scientific Soirée on 
in the journal Revue des cours scientifiques de la France et de 


l'étranger, 1(21). 23 avril 1864, 257-265. (Review of scientific studies in France and abroad, 23 April, 1864.) 
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Activity £3 


Inquiry Lab 


Required Skills 

= Initiating and Planning 

= Pertorming and Recording 

= Analyzing and Interpreting 

* Communication and Teamwork 


8 Extending 5. Using the diagrams on your index cards, sort the organ- 


i k isms by common characteristics. Determine your own 
4. How might an examination of pond water contribute to criteria for classification. Compare your criteria and 


a consideration of the idea of spontaneous generation? groupings with those of other lab groups, What similar- 
ities and differences were there in the classification 
systems? What similarities and differences were there 
in the organisms observed? 


Examining Pond Water 
Provide a reasonable argument that life cannot arise 
from non-living matter. 


Until the late 19th century, there was a common belief thatit Procedure 


was possible for life to spring from non-living matter. This 
belief in spontaneous generation arose in part because 
humans were unable to see the micro-organisms present in 
air and water. Pasteur's experiments provided strong 
evidence against spontaneous generation. 


The Question 


How many different organisms can be found in a sample of 
pond or aquarium water? 


The Hypothesis 


Write a statement predicting the variety of microscopic 
organisms present in samples taken at the surface, from the 
middle, and from the bottom of the container of pond or 
aquarium water provided by your teacher, 


— 
Materials and Equipment 
pond or aquarium water 

compound light microscope 

3 glass slides and coverslips 

tweezers or toothpicks 

dropper 

unlined paper 

pencil 

mathematical compass 

unlined index cards 

grease pencil or marker 

glycerine or protoslo® 

paper towel 

chart paper 


CAUTION: If any student in the class is taking immuno- 
Suppressive drugs, micro-organisms should not be cultured 
in the classroom. Wash your hands at the beginning and 
end of this lab activity. Disinfect droppers, slides, and 
tweezers with a 10% bleach solution at the end of the 
activity. Dispose of equipment and clean your work area as 
directed by your teacher. 


o Review Student Reference 8: The Compound Light 
Microscope, for the technique of making a wet mount 
slide. 


o Make 3 wet mount slides from the pond or aquarium 
water provided by your teacher. Take-one sample from 
near the surface of the water, one from the middie, and 
one from the bottom of the container. Try to incorporate 
a small amount of dehris in each wet mount. Label each 
slide with the part of the container from which it came. 


[3] Set up your microscope, and using the low-power 
objective, carefully examine each slide for signs of 
living organisms. Examine the organisms using the 
low-power objective lens. 


Use the medium- and high-power objectives to study 
the organisms in more detail. Use the fine adjustment 
knob to bring the organisms into focus. Organisms may 
be swimming in and out of your field of view. 


Add a drop of glycerine or protosio® to the slide at the 
edge of the coverslip and draw it under the coverslip to 
slow down the movement of the organisms. 


Draw a diagram of each of the organisms that you see. 
Place one diagram on each index card. Label any struc- 
tures you recognize and record which part of the 
container the organism came from. 


Analyzing and Interpreting 


1. Did you detect differences between the 3 slides of 
samples taken from different parts of the container of 
water? What might this tell you about the presence of 
life at different levels in the container? 


2. How many different types of organisms did you find? 
Do you think the variety of organisms may change over 
time if the water were to stay untouched for several 
days? Explain your answer. 


Forming Conclusions 


3. Write à statement to explain the diversity and quantity 
of microbes found in the pond or aquarium water. 


The Cell Theory 


It was not until the 1830s, with the improvements in lens technology and the 
increased number of observations made by scientists in several countries, 
that the importance of the cell as the functional unit of life was recognized. In 
1833, Scottish microscopist Robert Brown identified an important cell struc- 
ture, the nucleus, in his study of orchids. Brown saw an opaque granular spot 
within the cell. Others before Brown had seen these spots. but he was the first 
to recognize that this cell structure must have some importance for cell func- 
tion. Examine Figure C1.10 to see a picture of what Brown saw. 

In 1838, a German professor of botany, M. J. Schleiden (Figure C1.11 (a)). 
observed that all plants were composed of cells and he proposed that the 
nucleus was in fact the structure responsible for the development of the 
remainder of the cell. Schleiden discussed his work with a friend, Theodor 
Schwann (Figure C1.11(b)), who was studying animal physiology. Schwann 
believed that there must be similarities between plant and animal tissue. 
When Schwann searched for the opaque spots in animal tissue, he found 
structures that resembled the cells that botanists were studying in plant 
tissue, and the nucleus structure that Brown and Schleiden had identified. 
He used his new-found information to put forward what has since been 
called the cell theory. Schwann and Schleiden proposed that all plants and 
animals were composed of cells and that the cell was the basic unit of all 
organisms. In 1859, the cell theory was further extended by Rudolf Virchow's 
statement that all cells arise only from pre-existing cells. 


The nucleus is clearly 
shown in each cell in this photograph 
taken through Robert Brown's microscope. 
This preparation was made in a repeat of 
Brown's experiment and shows the view 
that he would have seen through his rather 
primitive instrument, (approx. x200) 


(a) Matthias Schleiden (b) Theodor Schwann 


specimens through the microscope. 


AREN Schleiden and Schwann proposed the cell 


theory in 1839 as a result of observations of plant and animal 
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o Err 


Many of the organisms you 
observed in pond water are 
called "Protozoans." They 
are neither animals nor 
plants but belong to a 
separate kingdom, the 
Kingdom Protista. Some 
protozoans move by using a 
whip-like structure called a 
flagellum. Others move by 
using cilia, small hair-like 
projections along the sides 
of the cell that beat like 
tiny oars projecting them 
through the water, The 
amoeba, a jelly-like 
protozoan, moves by 
projecting a "false foot" or 
pseudopadium. Other 
protozoans are spore-like 
and have no method of 
locomotion. 
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SEARCH 


Research other scientific 
contributions made by Louis 
Pasteur beyond his 
experiment to refute 


spontaneous generation. 
Begin your search at 


The cell theory states: 


* All living things are made up of one or more cells and the 
materials produced by these cells. 

All life functions take place in cells, making them the smallest 
unit of life. 

* All cells are produced from pre-existing cells through the process 
of cell division. 


We now know that the cell theory applies to all living things regardless of 
their size, shape, or the number of cells involved. Subcellular particles like 
viruses and prions fall into a category that is neither living nor non-living 
although they may exhibit certain characteristics of living'cells. Evidence in 
support of the cell theory also came from Louis Pasteur's 1864 experiment to 
investigate the concept of spontaneous generation in micro-organisms, which 
was discussed earlier in this section. The cell theory has since become the 
cornerstone of the study of biology. 1 


Check and Reflect 


Knowledge 


1. Explain how the use of microscopes led to 
the development of the cell theory. 


2. What is meant by spontaneous generation? 


Provide examples. 


3. State the three components of the cell theory. 


4. Describe the work of Louis Pasteur in 
refuting the theory of spontaneous 


generation. 


7. Make a timeline of the experiments 
concerning spontaneous generation from 
Redi to Pasteur, Choose an appropriate 
format to present or display your work. 


8. If straw is added to water, in a few days 
micro-organisms can be observed. Write one 
short paragraph in support of and another 
against the concept of spontaneous 
generation under these conditions. 


9. Assume you are a scientist with the 


5. The development of the cell theory from 
Hooke to Schleiden and Schwann was based 
on the very careful work of the scientists 
involved. What are the key components of 
scientific inquiry that are required for work 
to receive acknowledgement by the scientific 
community and society in general? 


Applications 


6. Create a visual representation to compare 
spontaneous generation and the cell theory. 


Canadian Space Agency analyzing data 
received from a distant space probe. There is 
a question about whether a certain material 
found on a new planet is living or not. List 
the characteristics that you will look for in 
your analysis to determine whether to 
classify the new substance as living. 


Extension 


10. Consider your findings from the examination 
of pond water. Design an experiment to test 
whether water temperature has an effect on 
the movement of the organisms. 


C13 Developments in Imaging Technology 
and Staining Techniques 


Light microscopes magnify cells through the use of one or more curved 
lenses and a light source. The compound light microscope is an important 
magnifying tool; research light microscopes have a maximum magnification 
of 1000-2000, However, magnification is not the only factor that affects 
what can be seen through the microscope. Two other important aspects are 
contrast and resolution. You may have noticed when you examined organ- 
isms in your pond water preparation that it can be difficult to observe all of 
the cell structures because the organisms themselves are pale or transparent, 
and their background is equally pale. Any cell structures that you were able 
to distinguish were visible to you because more light was absorbed by that 
structure and it therefore appeared darker than its surroundings. The slight 
shading difference between components of the cell may be enough to distin- 
guish them from one another, but not enough to observe subtle variations. As 
in art or photography, contrast is essential in order to see detail. Artists use 
lines, shading, and colour to create the illusion of three-dimensional images 
as seen in Figure C1,12. 

The variation created by shading and colour allows the eye to focus on 
different aspects of the picture and to see depth. In the same way, scientists 
have perfected techniques to provide greater ability to see magnified objects 
in more detail. These technological advances allowed science to move ahead. 
Processes of innovation continue to meet the new challenges of inquiring 
minds and of new problems to be solved. 


Contrast 


When light passes directly through cells in what is called brightfield 
microscopy, most of the cells seen are colourless. Scientists quickly discov- 
ered that manipulating the light source could alter the contrast between 
structures in the cell and improve the image. Experiments with stains or 


These images demonstrate the effect of different levels of contrast 


— jnfoBIT 


Digital photographic images 
can be enhanced simply by 
manipulating the colour or 
shading of the background 
to produce more contrast. If 
you have a digital 
photograph of people 
Standing in front of a wall, 
try changing the shading or 
colour of the wall and see 
what happens to the image. 
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(a) Unstained (approx. x 1500) (b) Stained (approx. x 1500) 


[3I LI3EKE A comparison of human cheek cells as 
seen through the light microscope 


Activity C4 


QuickLah 
Staining Cells 


colouring agents showed that particular stains attached to 
particular parts of the cell, improving the contrast between 
internal structures and producing better images, Staining 
techniques can be as simple as adding methylene blue or 
iodine stain to a specimen. Chemical preservatives "fix" the 
cells and allow more complex staining procedures. We now 
know that the staining properties depend on the chemical 
composition of the structures in the cell. One disadvantage 
of these techniques is that fixation and staining kill the cells, 
so it is not possible to view living tissue. Figures C1.13 and 
C1.14 (on page 255) show the detail to be seen when 
different stains are used. 


| Student Reference U 


HOM 


Materials and Equipment 


compound light microscope 
4 glass slides 


To use a staining technique to provide contrast in order to 


observe plant cells 


CAUTION; Handle glass slides and coverslips carefully. 
Remember that biological stains also stain clothing. Wear 


disposable gloves during the activity, Wash your hands at 


the end of the lab activity. 


Procedure 


@® Review Student Reference 8 and follow the directions 
when making a wet mount preparation, drawing a scien- 
tific diagram, and calculating the scale of a scientific 
diagram. 


(B Remove the dry, outermost layers from an onion and 
use a thin, transparent layer of the onion to get one layer 
of cells. You may stain the onion with iodine or with 


methylene blue. Prepare a wet mount slide. 


4 coverslips 

flat wooden toothpicks 

stains: iodine, and methylene blue 
droppers 

paper towel or tissues 

yellow or white onion 


[5] Estimate the size of the onion cells by comparing them 
with the diameter of the field of view that you deter- 
mined in Activity C2. Draw and label the cells. Indicate 
the magnification used and the scale on each drawing. 
Compare your preparation of onion cells with that of a 
student who has used a different stain. 


© Under low magnification, observe the cells you have 
stained. Draw and label what you see in the field of view. 


© Examine your slide further using the medium- and nigh- 
power objectives. What are you now able to see that you 
could not see with the low-power magnification? 


954 Unit e: Curlina nf Matter in | ivinn SGuetame 


1. Describe the cells present in your preparations. 


2. Compare what you saw in the unstained pond water 
organisms to what you saw in these stained cells. What 
advantages are gained by using stains? 


3. What differences are observed at the different magnifi- 
cations? Describe them. 


4. What was the effect of using a different stain on the 
onion cells? 


cilia cytoplasm 


(a) The epithelial cells have cilia 
on the surface. Their nuclei 
(plural for nucleus) stain more 
deeply purple than their 
cytoplasm. (approx. x 120) 


(b) The nerve cell stains dark 
brown. (approx, x 120) 


(c) Cells in one type of muscle 
tissue show a clear pattern ot 
banding in the cytoplasm. 
(approx. x 250) 


(d) Cells that contain fat droplets 
in living tissue appear colourless 
in stained preparations because 
the fixation process dissolves the 
lipids. (approx. x120} 


Cae Staining techniques have been developed to highlight certain parts of cells seen through the light microscope. 


Resolution 


Magnification is an important component of the microscope but it is not 
enough simply to magnify an object, There are other aspects that are impor- 
tant to image formation. Hold two pencils or pens close together upright 
directly in front of you. Make a mental note of the detail that you observe. 
Now move the pencils to one side. If you kept looking straight ahead, you 
could probably still see the pencils from the corner of your eyes. However, 
you probably could not see the images of two pencils distinctly. Resolution, 
or resolving power, is the ability to distinguish between two structures that 
are very close together. You get better resolution when you look at something 
directly in front of you than when you look from the corner of your eyes. 
Resolution is an important aspect of any image—an image should have high 


resolution if it is to show its details. 
Look at the images in Figure C1.15. 
The images are of the same object but 
the clarity is very different. The first 
one is fuzzy and difficult to decipher, 
You may even be able to see indi- 
vidual dots or squares of colour, 
called pixels. Pixels are used in 
creating the images you see on your 
computer monitor or from a digital 
camera. The second one provides a 
more clearly defined view. In this 
image, the pixels are smaller and 
there are more of them per unit area 
than in the first one. The second 
image has a higher resolution and 
you can see the details more clearly. 


DHL MEN ihe resolution of the image can make a great difference in the 
amount of detail seen. 
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FIGURE C1.16 NN 
Paramecium seen through the light 
microscope under different systems 
of illumination 


The human eye can distinguish images of objects that are 0.1 mm 
(1 X 10^ m) or larger. A microscope must provide the capability to see 
anything smaller than this, or to see individual objects that might be closer 
together than 0.1 mm. Regardless of the level of magnification, the clarity of 
images depends on the resolving power of the microscope. The efficiency of 
the light microscope is limited because as light is focussed into smaller and 
smaller diameters, the image becomes blurred. Because light microscopes 
depend on white light illumination, and even with the improvements in lens 
making made during the 19th century, the resolving power of the light micro- 
scope is limited by the wavelength of light. Points closer together than 
one-half the wavelength of light will not be seen as separate. The limit of 
resolution of a standard light microscope is 0.2 um (2 * 107 m). 


Contrast Enhancing Techniques and Fluorescence 
Microscopy : 


As science progresses, it tends to reach the limits of what can be accom- 
plished with available technology and so pushes the limits of that 
technology. If innovations in technology are not available, progress may be 
limited. Some structures in cells can change the speed and direction of light 
passing through them more than others can. In the first half of the 20th 
century, techniques were developed to improve images by altering the light 
path through the specimen. These included darkfield, phase contrast, and 
differential interference contrast illumination. Figures C1.16(a)-(d) show 
images of Paramecium under different systems of illumination. 
Fluorescence microscopy was developed and gave information about mole- 
cules on the cell surface. With this technique, fluorescent substances that 


(b) Darkfield illumination (approx. x400) 


(c) Phase contrast illumination (approx. x250) 


(d) Differential interference contrast illumination 
(approx. x250) 
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were attached to molecules in tissues could be located. When the specimen 
was subjected to ultraviolet light, the fluorescent molecule emitted light of a 
different wavelength, causing it to glow. Depending on the fluorescent 
substance being used, the glow could be yellow, orange, or green. In 1941, 
J. H. Coons used antibody molecules labelled with a fluorescent substance to 
show that antigens were on the surface of cells. The molecules that determine 
blood groups in humans are examples of cell surface antigens. 


Confocal Technology 


Since the 1980s, the use of laser beams and computers has made it possible to 
view living, transparent cells in three dimensions through the compound 
light microscope. In the confocal microscope, a laser concentrates light onto 
a specimen. The reflection is passed through a tiny opening called the 
confocal pinhole and reaches an electronic detector that converts the light 
into an image. Only the light returning from an exact plane of focus can pass 
through the pinhole to the detector because, as Figure C1.17 shows, out of 
focus light is blocked by the edges of the pinhole. Therefore, every image 
formed is of a very thin section through the specimen. Each image is stored in 
a computer and images of many sections are combined to produce a three- 
dimensional image that can be viewed on a computer monitor. Figure C1.18 
shows a worm that is used in research under confocal laser scanning 
microscopy. 


detector 


pinhole 
aperture 


= 


ZARIE 1n 2 confocal system tor the 


light microscope, only light trom any part ot the 
specimen that is in focus will pass through the 
pinhole to the electronic detector, Out of focus 
fight will be blocked by the sides of the pinhole 
and not reach the detector. This produces the 
etiect of a thin section with high resolution 
Many sections can be combined to produce a 
specimen three-dimensional image. 


In focus 
light 

out of focus 
light 


FIGURE C1.18 
A nematode worm viewed under confocal 
laser scanning microscopy. The round 
internal structures are eggs. (approx. X80) 


|... ESEARCH 


Find out more about the 
various types of contrast 
enhancing techniques used 
to improve the detail of 
microscopic images. Begin 
your search at 
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IGURE C1.19 NN 


ifferent forms of 


l illumination 


(b) A brain neuron fluo er ultraviolet light 
seen through confocal laser scanning microscopy 


(a) A motor neuron 
illumination (appro 


Figures C1.19(a) and C1.19(b) compare images of nerve cells obtained 
using brightfield illumination and confocal technology. Under brightfield 
illumination the processes called dendrites that bring information to the cell 
body of the motor neuron merely appear fibrous, but, using confocal tech- 
nology, the finely branched three-dimensional structure of the brain neuron 
dendrites can be seen. 

The confocal microscope gives opportunities for the use of other tech- 
niques to study the cell. Among these is the use of the green fluorescent 
protein (GFP), first found in a luminescent jellyfish called Aequorea victoria, 
shown on the opening pages of this unit. This protein glows a bright green 
when exposed to ultraviolet light, in the same way that fluorescent paint 
glows in the presence of black light. Scientists have been able to attach GFP 
to certain parts of cells that they wish to study, almost like a tiny lamp! While 
staining methods kill the cell, the use of fluorescence microscopy with GFP 
allows the study of living cells in a way that was not possible prior to current 
technology. 


Electron Microscopy 


In the first half of the 20th century, as scientists struggled to improve light 
microscopes, researchers were also looking for ways to improve the resolu- 
tion of imaging systems. They turned to forms of illumination other than 
light. In the 1930s at the University of Toronto, James Hillier and Albert 
Prebus developed the first functional electron microscope. An electron 
microscope uses a beam of electrons instead of a light wave and is able to 
produce images that provide fine detail. The image is formed by the absorp- 
tion or scattering of the electron beam because electron-dense materials do 
not let the electrons pass through. Focussing is done by adjustment of 
electromagnets instead of by movement of glass lenses. 

The Transmission Electron Microscope (TEM) depends on a beam of 
electrons passed through a very thin section of fixed and stained tissue 
embedded in plastic. The electrons that pass through the specimen fall on a 
fluorescent screen (see Figure C1.20) or on photographic film and black-and- 
white photographs are produced. 

The TEM may operate at magnifications of up to 1 500 000x and has a 
resolution for biological specimens of about 2.5 nm. This is an improvement 
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of one-hundred-times over the detail shown in the light microscope. Some 
aspects of image formation in the light and electron microscopes are 
compared in Table C1.1. 


ILLIS Comparison of Light and Transmission Electron Microscopes 


Feature Light Microscope Electron Microscope 
Source lamp or laser electron qun 


radiation UV or visible light electron beam 


lenses curved glass surfaces electromagnets 


receiver eye or digital image fluorescent screen or digital image 


focus up and down movement of lenses adjustment of magnetic field 


The Scanning Electron Microscope (SEM) was developed in the 1940s. 
This technology gives information about the surface features of a specimen. 
Specimens are fixed and covered with an electron-dense material like gold, 
which reflects electrons. While the investigator scans the surface of the spec- 
imen, the electrons bouncing off the surface are picked up by a sensor and a 
three-dimensional image is formed. Figure C1.21 shows an SEM view of 
Paramecium. The SEM operates up to a magnification of 300 000X and has a 
resolution of 20 nm. The image may be viewed on a screen or captured on 
computer and viewed on a monitor. The investigator can move the specimen in 
three dimensions with coarse and fine adjustments or the sample stage may be 
computer controlled (Figure C1.22). 

Photographs taken through either scanning or transmission electron 
microscopes are called electron micrographs. They provide a detailed view 
of the cell's surface texture, the shape and size of the particles in the cell, and 
how the materials are arranged. Electron microscopes provided more 
detailed images of cell structures that were already known, such as the 
nuclear envelope and Golgi apparatus. Electron micrographs also showed 


over the gold-coated specimen and a thr 


is covered by cilia, short hair-fike structures, 
used for swimming and wafting food into the 
groove-like mouth. (approx. x 300) 
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FIGURE C1. 20 Electrons 
travelling down the microscope 
column pass through the men 
and an i arms on a fluorescent 
the bottom ol the column, 
The scientist views the image on the 
screen 


aC b EE EFE The electron beam coming down the microscope column sweeps 


ee-dimensional image is formed, 
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structural arrangements, such as the two layers making up the cell 
membrane, that may have been suggested by experiment but had never been 
seen before. Scientists were able to view cells at magnifications of 500 000 
times and more. Figure C1.23 shows some of the detail available in electron 
micrographs. 

One of the drawbacks of the TEM is the difficulty of building up a three- 
dimensional picture of the cell from very thin sections. The detail is 
impressive but the area covered by each image is very small. Also, the speci- 
mens are fixed, and therefore no longer living, and the microscope must be 
operated in a vacuum. Recently, a form of the SEM has been developed that 
allows the use of live material. 

Each type of microscopy has its important place in cell research. 
Depending on the investigation, biologists may use different types of micro- 
scopes, staining technologies, and contrast enhancing technologies to 
explore cell structure and function. 


SEARCH 


Investigate recent 
developments in microscopy. 
Begin your search at 


(b) A transmission electron 
micrograph prepared by freeze 
fracture which splits the structure Can be seen as two thin dark li 
into two parts, shows detail of the separated by a clear layer int 
pores in the nuclear envelope 
(approx. x90 000) 


(c) In a transmission electron 
micrograph, the cell membrane 


(d) In a scanning electron 
micrograph, the surface features of 
nes cells can be seen, as in the cilia 

0 shown here. (approx. x 11 000) 
adjacent cells. (approx. x25 000) 


micrograph of a while bl 
shows detail of the 
nuclear envelope, and 
mitochondria in 
(approx. x49 000) 


alte eke Transmission and scanning electron micrographs show different detail of cells 


Check and Reflect 


Knowledge 


1. What are the advantages and disadvantages 
of using a light microscope? 


6, Describe similarities in the ways in which a 
light microscope and a TEM work. 


2. Explain why investigators need to stain cells. Applications 


7. Choase two advances in imaging technology 
and explain how they have led directly to a 


new understanding of cell structure and 
4. Describe ways in which a confocal ERUAN, 


microscope works differently from the light 
microscope you use in your science lab, 


3. When would there be a need for using an 
electron microscope? 


8. Create a poster or PowerPoint presentation 
showing a variety of microscopes and/or 
techniques. Explain why each would be 
useful for a particular study. 


5. What is fluorescence microscopy? Give an 
example of a study using fluorescence 


( 14 Cell Research at the Molecular Level 


As a result of new technology, research on cells has led to major break- 
throughs in medicine and industry. There are many areas in which research 
is now at the molecular level. The recently developed Scanning Tunnelling 
Microscope (STM) and Atomic Force Microscope (AFM) are able to reveal 
even smaller structures than the transmission or scanning electron micro- 
scopes can. Scanning tunnelling microscopes and atomic force microscopes 
allow scientists to produce images of molecules, and, therefore, to improve 
their understanding of the structure and function of molecules within the 
cell. New interpretations are possible when observations made by earlier 
scientists are combined with modern chemical and computer methods. 
Figure C1.24 contrasts (a) a model of DNA superimposed on an actual cell 
with (b) an STM image of DNA in which the yellow peaks represent the 
ridges of the DNA helix. 


Gene Mapping 


In less than 200 years since Brown observed the nucleus in the 
orchid, scientists have made great progress in understanding the cell. 
Microscopists in the 19th century saw chromosomes in the nuclei of 
cells. Geneticists showed that material in the chromosomes was 
associated with patterns of inheritance. Chemists, biochemists, and 
microbiologists showed that the genetic material in the chromo- 
somes was DNA and that DNA has a structure that enables it to direct 
all other activities in the cell. Improvements in techniques of molec- 
ular biology allowed mapping of the human genome to begin. In 
2001, a draft of the complete genetic map of humans was published 
in the results of the Human Genome Project. 

Gene mapping of many plant and animal species is progressing. 
The mapping of DNA sequences in genes involves many techniques, 
including breaking cells down to release their DNA, using chemical 
techniques to make many copies of the DNA, and finding the 
sequence of chemical subunits through computer analysis. DNA 
analysis and gene mapping open up our understanding of the way 
different parts of the genetic material work together. This knowledge 
may one day allow scientists to manage disease-causing abnormali- 
ties: for example, cancer research is benefiting from a deeper 
understanding of the molecular functioning of the cell. 

Gene mapping of crop plants may result in new varieties that are 
resistant to pests or can thrive in drought conditions. However, 
concerns have been raised about resistance being incorporated into 
weed species as well. Ethical issues have also been raised about 
ways in which knowledge and procedures related to DNA and gene 
mapping may be used in the future. The technology available sels 
limits to the science that can be done, and in a similar way, the needs 


infor 
Dr. Michael Ellison at the 
University of Alberta is 
working on “Project 
Cybercell," a virtual cell 
created with computers and 
mass spectrometers. The 
purpose of Cybercell is ta 
study life at the molecular 
level, using what is known 
about the 4000 proteins of 
the . coli bacterium. 
Cybercell will exist in a 
virtual environment that will 
allow Dr. Ellison and his 
colleagues to manipulate 
and predict the ways in 
which cells can grow, divide, 
adapt, and evolve. 


(a) Computer artwork of a DNA molecule 
superimposed on a TEM of a human cell 


(b) An STM image of a double-stranded DNA 
molecule (approx. x 2 000 000) 


microscopy. 


and issues in society must provide guidelines for how science is FIGURE The genetic material can be 
represented in several different ways. 


conducted. 


Dur Current |inderctandina af the Pell le Nua in Part tn Devalnnmentc in Imaging Technoloav 261 


Activity C6 


Decision-Making Investigation 


Activity C5 


QuickLal 
Extracting DNA from Pea Soup 


Required Skills 
[NE © initiating and Planning 
Pertorming and Recording 
* Analyzing and Interpreting 
Communication and Teamwork 


CAUTION: Wash your hands at the end of the lab activity. | 


© Pour the mixture through a strainer into a beaker. 
Discard the material left in the strainer. Measure the 
amount in the beaker and add about one-sixth of that 
amount of water to the beaker. 


Gene Mapping: Opportunity or Risk? 
In animal and plant cells, the genetic material, DNA, is found in 
the nuclei. The DNA is arranged into structures called chromo- 
somes in which it is bound to protein molecules. The first step 
in gene mapping is to extract the DNA from cells. This is a 


The Issue 
How would you weigh the risks and benefits associated with 


resistance or environmental tolerance could be transferred 
into weed species remains a concern. 


simpler process than you might expect. 


Purpose 


To extract DNA, the genetic material of life, from pea soup 


Materials and Equipment 


50 mL dried green 
Split peas 
250 mL water 


250 mL 90% rubbing 
alcohol chilled in a 
freezer and kept on ice 


salt 

meat tenderizer 

liquid dishwashing 
detergent 


Procedure 


o Place approximately 50 mL of dried green split peas. a 
pinch of salt, and about 100 mL of water in a blender. 
Blend for about 20 s. Blending helps to separate the pea 


A group of diseases appear 
to be linked not to bacteria 
or viruses but to specific 
proteins called "prions" that 
act as infectious agents, 
These proteins spread 
spongiform 
encephalopathies, which 
produce large vacuoles or 
empty pockets in the brain. 
Bovine spongiform 
encephalopathy (BSE) 
results from prion infection 
and is commonly known as 
"mad cow disease." 


o Add about 1 tablespoon of liquid dishwashing detergent 
to the beaker and mix. Allow the mixture to sit for 10 min. 


© Pour the mixture into the 25 x 200 mm test tube until 
about one-third full and add a pinch of meat tenderizer 
to the test tube. 


250-mL beaker © Slowly and carefully, pour chilled rubbing alcohol down 
blender the side of the test tube to form a clear layer on the top 
nct of the mixture. Use about the same volume of alcohol as 
tablespoon or 25-mL. the volume of pea mixture in the test tube. 

measuring spoon © With a dissecting probe, crochet hook, or bamboo 
25 x 200 mm test tube skewer, gently pull out the stringy material that forms in 
dissecting probe, crochet the alcoho! layer. Spool this material onto the holder with 

hook. or bebo a twirling motion. This is DNA from the green split peas! 


skewer 


ez 


Questions 


1. Why do you think you added detergent in step 3? 

2. The meat tenderizer is a protein called an enzyme that 
cuts other proteins away trom the DNA. What does a 
meat tenderizer do when you use it on steak? 


3. Write the recipe for extracting DNA from liver or onion 
cells. 


Cell Communication 


An open system is one that must interact with its environment to maintain its 
existence. Cells are efficient open systems able to carry on all of the life 
processes. To function efficiently, cells must interact with their environment 
and with each other. For cell-to-cell communication, messenger molecules 
from other cells travel through the bloodstream and attach to specialized 
molecules on the surface of the target cell. These molecules, known as 
receptors, may change in shape and trigger a chain reaction to carry the 
message to the proper location inside the cell. You might think of how the 
structure of your front door key, fitting into the shape of the door lock, allows 
you to pass the barrier of your front door and bring in information about your 
day to your family inside the house. Techniques that show binding of 
substances to cell membranes, such as the fluorescent antibody technique, 
allow diagnosis of diseases carried by viruses, bacteria, and protozoans, as 
well as diseases of the immune system. 


one type of cell research at the molecular level? 


Background Information 


In April 2002, a Swiss agrochemical company announced 
that, in collaboration with Chinese researchers, they had 
determined the gene sequences of two commonly grown 
Tice species. Canadian physicist Gane Ka-Shu Wong, 
working at the University of Washington, was involved in 
this ground-breaking discovery. The importance of mapping 
the genes of crop plants should not be underestimated. 
There are major agricultural and societal implications. For 
instance, with approximately 50 000 genes in rice (as 
compared to 30 000—40 000 in humans), plant breeders may 
be able to create "designer" strains. They may be able to 
produce plants that are drought or pest resistant. Since rice 
is very vulnerable to environmental factors, especially 
drought, resistant strains would ensure better crops even in 
poor conditions. Farmers would be able to plant crops that 
produce higher yields on less land. We may be able to 
develop grains that are of higher nutritional value than those 
that are currently grown. When you consider the numbers of 
people worldwide who consume and depend on rice as a 
main staple food, the possibilities for plant breeding and 
agriculture are enormous. Rice is closely related to other 
cereal grains including wheat, barley, and corn. Cracking the 
genetic code for these plants cannot be far off. 

Some scientists are concerned about using information 
on the genetic make-up of crop plants to selectively modity 
or change species. They argue that concentrating on only a 
few varieties of rice, for instance, will reduce diversity and 
impact ecosystems. New diseases or environmental condi- 
tions could wipe out all of the monoculture crops. Examples 
of this risk have been seen in monocultures produced by 
older forms of plant breeding; for example, much of the corn 
crop in the United States was wiped out by a blight-causing 
fungus in 1970. They also suggest that farmers may be 
forced to pay inflated prices to obtain the genetically modi- 
fied seed in order to remain competitive. Some argue that we 
still do not know if there are significant health concerns to be 
considered when dealing with genetically modified crops. 
The possibility that the attractive qualities of disease 


Analyze and Evaluate 


1. State a definition of a "risk" and a "benefit" as it pertains 
to the issue of cell research at the molecular level, Share 
your definitions with your classmates. Modify your defi- 
nitions based on the discussion. 


In chart form, identify the risks and benefits of gene 
mapping of crop plants. Be sure that the ideas you list 
fit with your definitions of "risk" and "benefit." 


Susan R. McCouch, an associate professor of plant 
breeding at Cornell University, stated in a press release 
in 1996 that "Land mass is actually shrinking in Asia, 
and as a society, we've increased rice yields per acre 
about as much as we could. We can't increase the land, 
so we have to do something. Fertilization is no longer 
an effective way to boost yield—it's plateaued. So, 
instead of boosting land mass—which we can't do— 
we're manipulating the plant's genetics." (Reference: 
www.news.cornell.edu/releases/Nov96/Rice. 
Nature.bpf.html) Use electronic and print resources to 
research the current applications of gene mapping of 
crop plants in Canada and around the world. Begin your 
Search at www.pearsoned.ca/school/science10. 


. There are many different perspectives surrounding the 
issue of gene mapping. Assume that you are chosen to 
represent one of these perspectives at an international 
conference on genome mapping. Identify the risks and 
benefits from the point of view of one of the following 
conference delegates, and present your views. 

* President of an agrochemical company 

* Traditional farmer 

* Organic farmer 

* United Nations Food and Agriculture Organization 
(FAO) representative 
President of the Canadian Medical Association 
Consumer of commercial and agricuitural goods 
Federal Agriculture Minister 
Canadian International Development Agency (CIDA) 
representative 
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Computer- 
generated model of the protein 
myoglobin, the oxygen-storage 
compound in muscles, showing the 
binding site for oxygen 


eSEARCH 


Investigate the types of 
technology used in studies 
of the three-dimensional 
structure of molecules. 
Begin your search at 


Three-Dimensional Structure of Molecules 


Molecules inside the cell or on its surface often act as switches to control cell 
activity. The structure of a molecule, such as whether it is coiled or straight 
or whether it is made of repeated units, may determine how the molecule 
will function. X-ray crystallography uses X-rays, special sensors that analyze 
patterns of X-ray scattering, and computer technology to allow scientists to 
learn the details of molecular structure to help them understand how the 
molecules work. This technique was essential to studies that led to the model 
of the DNA molecule, and our understanding of how DNA functions in the 
cell. Researchers are now studying the three-dimensional shape of normally 
functioning and defective proteins to find the parts of the molecules that 
control the activity of the proteins. One of the first molecules to be studied 
this way was myoglobin, the protein that stores oxygen in muscles. Figure 
C1.25 shows a three-dimensional model of myoglobin. 


Green Fluorescent Protein (GEP) Technology and 
Genetic Studies 


Huntington's, Alzheimer's, and Parkinson's diseases are degenerative 
diseases of the nervous system. GFP technology, which was discussed on 
page 258, is being used in the study of these diseases at the molecular level. 
It is known that in affected individuals, abnormal proteins clump together 
and inhibit the normal functioning of cells. The use of GFP technology is 
allowing scientists to compare proteins in living cells of healthy tissue and in 
tissue that is affected by one of these diseases, In time, this information may 
lead to effective methods of treatment and change the lives of people living 
with these conditions. 


Check and Reflect 


Knowledge 


1. Describe one example of cell research in 


industry or medicine. 


2. List three of the technologies used in X-ray 


crystallography, 


3. What is one advantage of using GFP 
technology in cell studies? 


Application 


4. Draw a chart like the one below in your 
notebook or journal and list the risks and 


Extensions 


5. Take a stand for or against further research 
into the genome and indicate your reasoning, 
based on your list from question 4. Write a 
paragraph defending your position. 


6. What additional information would you like 
to have on the issue of gene mapping that 
would help to make the issue clearer? 


7. Using the Internet, report on new knowledge 
or treatments in an area of medicine or 
industry that have resulted from cell 


research. 


benefits of DNA and gene mapping. Share 


your responses with a partner. 


8. Molecular research has enhanced an area of 


Risks 


science called biochemistry. Find out about 


Benefits the types of job opportunities in this field, 


Knowledge 


1. Describe the method of inquiry used by Aristotle 
and compare it with the methods used by other 
philosophers of his time. 


2, The microscope invented by Hans and Zacharias 
Janssen is considered to be a “compound 
microscope.” Why? 


3. State what you consider to be Robert Hooke's 
contribution to microscopy and the 
understanding of the cell. 


4. Briefly describe the advantages of laparoscopic 
surgery and how it depends on microscopy. 


5. Explain what is meant by a "control" in an 
experiment. 


6. Sketch the parts of Pasteur's experiment on 
spontaneous generation. Explain how this 
experiment provides evidence against 
spontaneous generation. 


7. What similarities and differences did you see 
among pond water organisms? 


8. Describe how to make a wet mount slide. 


9. State the three main points of the cell theory and 
attribute each one to the scientist(s) responsible. 


10. Outline two methods for improving the contrast 
in a specimen viewed under the microscope. 


11. What are the advantages of confocal laser 
technology applied to microscopy? 


12. What is X-ray crystallography? How is this 
technique used to advance cell research? 


13. What is GFP and how is it used in genetic 
studies? 


Applications 


14. A microscope has a low-power magnification of 
100%, a high-power magnification of 450X, and 
a low-power field diameter of 1800 um. What is 
the high-power field diameter in micrometres? 


15. 


16. 


17. 


If the minimum image size the human eye can 
detect is 0.1 mm, what is the minimum 
magnification needed to make an object 
measuring 1 um visible? Explain how you 
determine your answer. 


You have determined the field size of the low- 
and high-power objective lenses. How could you 
calculate the field diameter of the medium- 
power lens? Include an equation in your answer. 


What important lesson about canning foods can 
be drawn from the experiments to disprove 
spontaneous generation? 


18. You have just isolated a new microbe from your 


19. 


20. 


aquarium. Which type of microscopy would be 

used to determine: 

a) its movement? 

b) if this specific strain is present in other 
aquariums? 

c) if there are internal sub-structures? 

d) if there are special surface structures on the 
cell? 


How might your life be different if the 
microscope had never been invented? 


Identify the most significant thing you learned. 
from this section, and one area that you would 
like to know more about. 


Extensions 


21. 


22 


23. 


Using your diagrams of the organisms observed 
in the pond water, and electronic and print 
resources, try to identify each microbe. 


Although the design of the compound light 
microscope in use today is essentially the same 
as that developed 350 years ago, Hooke would 
be surprised at the detail that we can now see, 
List advances in technology and techniques that 
have improved the images seen through the light 
microscope. Explain how each advance has led 
to an increase in our understanding of the cell. 


Find a current newspaper or magazine article on 
an area of cellular research, Paste it in your 
notebook and describe the risks and benefits 
associated with this area of research. 
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Key Concepts 
in this section, you will garn about Me 
Toliowing key concepts: 


* Callutar structures and functions aed 
technological applications 

* active and passive transport of mater. 

* relationship Setween celi size and shape. 
and surtace area to volume ratio 

* ese of exyüratory and visual models m 
soence 


Leaming Outcomes 
When you have completed the secon. you 
vn be able 19: 


* Compare passive transport et mater by 
eue and osmosis anth active transport 
in terms of the particle model of matter. 
concentratoa gradients. eqsibnum, and 
proton carrier molecules 

e models t explain and u¹,te complex 
processes ike difusioa and osmosis, endo- 
and exocytosis, and the rote of celi 
membrane in these processes 

* describe the cali as a tenctoning open 
system that acqueres mutnects, excretes 
waste, and exchanges matter and energy 

identity the structure and describe, in 
general terms, the function of the cal 
membrane uche Me. cue 


and cali wall, where presant. of piant and 
animal cells 

* compara the stroctors, chemical 
Composition. and function of plast anc 
animal celis, and describe the 
complementary nature of Pe structure and 
function of piant and animal cesis. 

* Gescribe Me role of the cet mamacane in 
maintaining equlànurm whie exchargag 
matter 

* Gescribe how inowindge about semi- 
permeable memocanes. difusion. and 
osmosis is applied 

* describe cell size and Supe as they relate to 
Surface area to volume ratio. and explain: 
how that ratio nets cell size 


Living systems are dependent 
upon the functioning of cell 
structures and organelles. 


n an open system such as 
IE cell in which matter 

and energy are exchanged 
with the enyironment, interac- 
tion with the surroundings is 
crucial to provide needed 
materials, produce what is 
required, and ship out any 
excess. Consider the analogy of 
. a medieval town or Old West 
enclosad by was to Jimi entry aad ext of fort that had enclosures for 
is protection. Here, the enclo- 

sures were built so that threats 

would be kept out, but needed supplies and materials could get in. In 
addition, anything produced inside the enclosure could be trans- 
ported outside the walls. Contrast this with a closed system or with 
an isolated system in which there is no interaction with the outside. 

Today's towns and cities do not have elaborate enclosures, but 
they continue to operate as open systems in much the same way. City 
Hall is the hub of a town's activities where decisions are made that 
will affect the growth, economy, and living conditions of the town. 
Factories and processing plants depend on raw materials brought in 
from mining, drilling, or agriculture. The products mav be in the 
form of food or materials to support the growth and operation of the 
community. Some products may be in greater supply than the town 
needs and these are shipped to other places. Other products may be 
brought in from other communities. The movement of substances 
into, around, and out of the town is accomplished using trucks, 
trains, airplanes, or other means. Services like hospitals, grocery 
stores, schools, police and fire departments, and sanitary dumps are 
all necessary parts of the town. Sometimes, it may be necessary to 
bring in specialists from the outside. The success of the town is based 
on its ability to maintain a positive environment to sustain itself. The 
cell is an open system much like the town described here. The 
components of the cell are called organelles, meaning littlo organs, 
and the functioning of these structures maintains the life processes of 
the call 

This section considers the cell organelles and how they carry out 
the functions necessary for the cell to survive. Models will be used to 
Tepresent and explain these processes and some of their applications 
in medicine and industry. 
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i ner 


In early microscopes the 
nucleus looked like a kernel 
or seed. Some single-celled 
organisms that exist without 
a nucleus are called 
prokaryotes. This word 
comes from the Latin gro 


C . The Cell as an Efficient, Open System 


Any efficient open system has many parts that work together for a particular 
goal. Each part has its own function. Cells, the basic units of life, maintain 
the life processes within specialized structures called organelles, each with 
its own function to perform. Cells are highty efficient, open systems that are 
able to exchange matter and energy with their surroundings. Cells carry on 


all of the life processes including: meaning “before” and 
* intake of nutrients epi cum erm 7 
* movement oe hal idm in 
5 ts 
* growth A organisms existed before 
* response to stimuli structures such as the 
* exchange of gases nucleus were formed. 
* waste removal 
* reproduction 


A cell must work constantly to maintain a fine balance among the 
different life processes in order to be efficient and to conserve energy. A good 
starting point for understanding the functions of the cell is to identify the 
major structures involved in each of the cell's activities Turn to page 270. 
Figure C2.10, to see diagrams that show the components of a typical animal 
cell and a typical plant cell. Table C2.1, below, provides photomicrographs of 
cell structures, as seen through the light and electron microscopes, and 
hriefly describes their functions. 


CI Ther Functions 


DNA. the genetic material of the cell, and 
directs all cellular activities. The nucleus is 
Surrosnded by the auctear envelope, which 
has pores to alow the transport of materials. 


LD 


d rec n ie a Nun white Díood ca seen 
Brough he light microscope. (approx. x390) 


The cytopiasm is a gei-the substance inside 
the cell membrane: contains the nutrients. 
required by the cell to carry on the life 
processes. The organelies are suspended in 
the cytoplasm. The physical nature of the 
cytoplasm allows for the movement of 
organsiies and molecules within the cell, 
reterred to as cytoplasmic streaming 
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Cell Structure and Function Photom:crograph 


Cell Structure and Function Photemicrograph 


The celi wall is found in plants, bacteria. Ribosomes zre densa-iookong 
some protists. and fungi the cell wal is a granules formed of two pans. They Pier 
rigid trame around Me celi that provides may be attached to the endoptasmic — 
strength and support feSculem or tree in Me cytoplasm Severe diseases result wher 
Ribosomes are the stes were amino lysosomes cannot function 
Chioroplasts are found orty e plants and Sods are assembled mto proteins in [FIGURE 2.8 | Weather bee or attached. Hbesones popes become — 
some protists They contain chiorophyd that the process of protein synthesis. ae the Stes of protem re, Transmasion electos Ust ud camry SIME 
- » n di Eke proteins to the 
produces a graen colour. are the sites of Se ee eee lysosomes get lest in 
photosynthesis. the process which uses transport. Dr. Vett Loyd of 
energy trom the Sun to convert carbon Lysosomes are membrane-bound Dalhousie University in 
dioxide and water into sugars tor the ptant’s sacs in the celi in which digestion can Kalifas, Nova Scotia, studies 
use and storage. The equation tor do oe. The vanus roles of lysosomes the problems that occat 
photasynthes:s s- inciude defence aganst invading when vesicle tramport does 
CERERE ee bacteria. destruction of damaged cell sot happen normally. She 
680, + 60, ——— ZSS 12 9 pirt cell seen trough the organedies, and controlled digeston cf des Drosophila 
d CH -O.a = 60. tt cope. (agree, «2000 centan issues dunng Oereicoment melzzogester (a small fiy). 
ee — which is a good animal 
moo for conditions seen in 
Vacuoles anc vesicles xe membrane humans, to better 
bound structures nu serve to store EEE Gee understand the role of 
nutrients. products of secretion, and fats. E within coh Tansa vesicie transport in ceils of 
depending on the tissue type. in plants, the secron microgeaph (aporo x29 000) the human body. 


central vacuole stores water tor the cel in 
plant celis, when fhuids enter, the central 
vacuole swells, increasing the turgor 
pressure and causing the celi t9 become firm 
or turgid. Vesicles transport subscances 


fhrosghout the cel 
The endoplasmic reticulum is a series of 
interconnected smal tubes that branch irom 
The nuciear envelope Matenals can be 
transported through these tudes. Roogh Seca micrograph (appro. 790000) 
enéopiasmic rebculgm ^as do 
attached 10 t and is associated with prote Mitochondria are d- sructures 
syrtes smooth endoplasmic retialum ic © LI misin nas where reactions occur 3o convert 
associated with tat and oil production. nipesomes aached ts t HESS Secton MIRAN: i " 2 
lap. $5000) = me 
the cel can use This process is called 
" e The i 
equation tor cellular respirador 5- 
ud, 505 
800. — 64,0, + energy 
1b) SD endostzsmc tasin O not have obe . ett 
an election moog japu: x 130 00€) Scree c (argon x 130 0001 
Ali of the cet organeties, except the nbosomes. are enciosed by a membrane 
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a) An soma cel 


Diagrams of cells showing 
Te crganetes 


(2) A place cet 
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Inquiry Lab 


Comparing Structures in Plant and 


Animal Cells 


The Question 


Are there Gitleresces between plant and animal celis that are 
observable through the light microscope? 


The Hypothesis 
State a hypothesis concerning the ditterences between plant 
and animai celis that you will be able to see through the light 


tach diagram indicate the magnification and the scale 
of the drawing. 
Analyzing and Interpreting 
1. Make a chart of the celi strectures that you were able to 
see is the animal celis and the plant celts. 


2. Compare the foliowing celi structures in animal aag 
plant celis. celi membrane. nuciews; cytoplasm. 


3. Describe the differences in the image you see when 
using the high-power objective lens instead of the low- 
power objective lens. 

4. Use your observations to reach conciusions about the 


and glass siden. differences between plant and animal cells that are 


@ Set up the compound tight microscope. Reter to 
Studert Reference 8: The Compound Light Microscope. 

© Observe the prepared slides of both animal cells and 
objective lenses. 

© Draw and label one plant and one animal cell. Use the 
magnification where the whole cell is De and the cell 
parts are clearest. Use the technique you teamed in 
Activity C2 to estimate the actual size of the cells. For 


visibie through the light microscope. 
Applying and Connecting 


8. Suggest reasons why certain organelles shown n 
Figures C2 10% and C2 10(b) are not visible through 
de rucroscope. 

6. Use Table C2:1 and Figures C2 10() and C2 10(b) to 
review the structsre asd function of these cell 
organelles that you could not see through the light 
microscope. 


In Activity C7, you would have observed that some of the ceil organelles 
are visible when you use the compound light microscope. but some are not. 
The electron microscope provides images of these structures, and inferences 
can be made about their function. Figures C2.4-C2.9 on pages 268-259 show 
electron micrographs of the structures that cannot be seen in detail through a 


compound light microscope- 


The Chemical Composition of Cell Structures 

The major elements making up the structure of plant and animal cells are 
carbon, hydrogen, oxygen. and nitrogen. These are organized into Íour major 
organic compounds: lipids like fats and oils; carbohydrates such as sugars, 
starches, and cellulose: protein, for example, muscle fibre: and nucleic acids 
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/@SEARCH 


Lipids, carbohydrates, 
proteins, and nucleic acids 
are called the primary 
metabotic products of cells 
because ail cells require 
these substances to live, 
grow, and reproduce. Cells 
also produce additional, or 
secondary, metabolites that 
may vary from cell to cell or 
from species to species 
depending on the organism. 
Find out the importance of 
secondary chemical 
Substances in plants end 
some of the ways these 
substances are used by 
humans. Begin your search at 
www.pearsonec ca 
schooliscience 10. 


A Roman mosaic 
floor has small pieces of tile held 
together by a common material 
Scientists suggest that Me cet 
membrane has some aspects similar 
to a mosac 


such as DNA, the genetic material. Water is the other major compound found 
in all plant and animal cells. Many other substances are dissolved in water, 
so we say that water is the solvent that provides the environment for all 
biological reactions inside and outside cells. In addition, there are substances 
called trace elements present in tiny amounts that are essential for the health 
of the cell. Magnesium (Mg). zinc (Zn). manganese (Mn), and iron (Fe) are 
examples of trace elements. 

There are similarities and differences between plant and animal cells in 

terms of chemical composition. Similarities are: 

* animal and plant cells have a cell membrane and an internal network 
of fibres, the cytoskeleton, made up of proteins and lipids; 

* animal and plant cells have genetic material (DNA) made up of 
sugars, nitrogen bases, and phosphate. = 

Some of the differences are: 

* animal cells have centrioles, which are involved in cell division; 
plant cells do not have centrioles. 

„plant cells have a rigid cell wall mde of cellulose, a type of carbohy- 
drate, whereas animal cells do not have cell walls; 

* plant cells contain a specialized chemical compound called chloro- 
phyll, a pigment that makes photosynthesis possible; 

* some animal cells have other specialized compounds; for example. 
hemoglobin in red blood cells and cholesterol in other cells; 

* some plant cells store energy in the form of starch or oils, for 
example, cornstarch and canola oil; for energy storage. animal cells 
may contain glycogen, another form of carbohydrate, or lipids in the 
form of fats. 

e plant cells have à large central vacuole; vacuoles and vesicles in 
animal cells tend to be small. 


A Model of the Cell Membrane 


The electron microscope has provided very detailed images of the cell 
membrane that allowed scientists to gain a better understanding of the role of 
the membrane in maintaining equilibrium or balance inside the cell. The cell 
needs to keep this equilibrium while allowing some substances in and 
keeping others out. The membrane, sometimes referred to as the plasma 
membrane, consists of a phospholipid bilayer. This is a double layer of 
lipids that each have a phosphate group attached. The phosphates face out 
into the watery fluids on either side of the membrane while the lipids face 
toward each other in the inner part of the membrane. A technique used to 
split the two layers, with the aid of electron microscopy, positively identified 
the structure of the cell membrane. Figure C2.12(a) shows the two layers of 
the cell membrane separated and laid side by side, as seen through the elec- 
tron microscope. Proteins are suspended in the phospholipid bilayer, some 
attaching to the outside of the cell membrane, some attaching to the inside of 
the cell membrane, and some running through tbe membrane. Some surface 
proteins have sugar molecules attached. The currently accepted structure of 
the cell membrane was suggested in 1972 and is referred to as the fluid- 
mosaic model. A mosaic is a collection of different substances held together 
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by à common material (Figure C2.11). From above, the cell membrane looks 
like a mosaic of tiles (the proteins) held together by a fluid. flowing grout (the 
lipid bilayer). The model is shown in Figure C2.12(b). Each part of the 
membrane has a role to play in allowing the movement of nutrients. gases, and 
wastos into and out of the cell. These roles will be discussed in section C2.2. 
The cell membrane is a protective barrier between the environment and 
the cell's fragile contents. Inside the cell membrane is the cytoplasm, a gel- 
like substance that contains primarily water. salts. dissolved gases, dissolved 
nutrients, and organelles. The cytoplasm is often compared to a gelatin dessert 
with one important difference: the cytoplasm moves and flows inside the cell 


mne: yer , phosphoric 


dur layer ct 
— 
l 4 TE showing that me colt 


membrane can be split into inner and outer layers A 
Side by side. Most proteins stay with the cuter layer of 
phosphofipids. (approx. x 200 000) 


k and Reflect 


|... [ESEARCH 


Investigate how sugar 
molecules attached to 
membrane proteins may 
enable cells to recognize 
foreign substances or to 
interact with each other. 
Begin your search at 

www Dearsonec cal 

schootiscamce 10 


(5) The tluit-mosaic model ot the celi merdrane 


Knowledge Applications 

1. What is meant by a system? Vb. 
Describe what makes cell and identify a human organ 
him kem Soe performs the same or similar function in the 


body as a whole. 
3. Draw a diagram of a plant cell, Label the 
organelles and state the function of each. 


9. Consider what happens to the human body if 
an organ fails, What would happen if one of 


4. Using your own words, describe the the cell organelles failed? In a short 
appearance and state the function of the paragraph, provide the roasoning for your 
following coll structures: prediction. 

5 € 10. Compare the structure and function of an 
c) mitochondria animal cell and a plant cell, 
d) chloroplasts 

5. Identify the organelle associated with the A 
following life processes: intake of nutrients; 11. Create à concept map to show the 
exchange of gases: removal of wastes. relationships between the organelles. 

6. What are trace elements in the cell? 12. Create s three-dimensional model of a cell 

7. List three similarities and three differences in using any materials of your choice. Use your 
the chemical composition of plant and knowledge to attempt to make the organelles 
animal cells. as correct to scale as possible. 
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nosrr 
In 1996 researchers found 
that the disease cystic 
fibrosis creates a defective 
transport protein that 
prevents sodium ions from 
crossing the cell membrane 
in lung celis. The build-up 
of sodium outside the cells 
makes these cells 
susceptible to bacteria. 


Minds On 


Try this in your class. 


O Spread out through the classroom. 


© Have one student draw a map of the location of each 
person OF group of people on the board. 


© Have another student. standing in one corner of the 
room, open a sealed package of coffee or a sealed bag 
of microwaved popcorn. 


© Have individuals indicate when they smell the coffee or 


C L.E The Role of the Cell Membrane in 
Transport 


The transport of gases, nutrients, and wastes into and out of the cell is ossen- 
tial for the cell's survival. The cell membrane is the organelle responsible for 
transport. The substances that enter and leave the cell may be ions or mole- 
cules or, in some cases, micro-organisms or other cells. In a physical sense, 
all of these substances can be regarded as particles, and their behaviour can 
be examined with reference to the particle model of matter. 


The Particle Model of Matter E 


You will recall the particle model of matter, which belps us to explain the 
nature of matter. from your studies in previous grades. We can use this model 
to help us understand the process of transport in a cell. The particle model 
has four main points: 


1. All matter is made of particles but the particles in different à 
substances may be different in size and composition. - a) 
2. The particles of matter are i or vibrating: particles | 


constantly moving 
move least in solids and most in gases. Adding or taking away. 
energy will affect the movement of particles. 


3. The particles of matter are attracted to one another or ar * 


relate to the particle model of matter to help your understanding of the 
different types of transport. 


Questions 


1. Usisg the particle model of matter, explain what has 
happened and why. Be as specific as possible. 

2. Refer to Figure C2 13. Use the particle mode! to explain 
what has happened in the Petri dish. 

3. Ust the similarities and differences between the coffee 


or popcor aroma in the room and the food colouring in 
the Petri dish. 


popcorn by raising their hands. Record the order of 


Students’ signals on the map. 
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Diffusi 


Roasted coffee contains as many as 800 flavour compounds, which may 
vaporize, releasing aroma molecules into the air when a fresh package of 
coffee is opened. The process you observed with the coffee demonstrates 
diffusion, the natural movement of particles from an area of high concentra- 
tion to an area of low concentration. The place where the coffee was opened 
had many aroma particles. Since these particles are in constant motion, some 
of them are able to move into the spaces between the particles of the air, 
spreading out until they are equally spaced throughout the room. This 
process may take a few seconds or continue for a longer period of time. The 
end result is a stato of equilibrium, in which the particles are still moving but 
maintain an overall balanced, eyen distribution. Figure C2.13 shows diffu- 
sion in the liquid state. The coloured liquid will eventually spread evenly 
throughout. The rate of diffusion can be increased by adding energy and 
increasing molecular movement, for example, by stirring or heating, but the 
process of diffusion will continue even in the absence of added energy. 

Diffusion also occurs in cells. As discussed earlier, water is a major 
component in plant and animal cells. It is the solvent that provides the envi- 
ronment for all biological reactions. Diffusion of water or solutes can occur 
across a cell membrane if there is a difference between the concentrations of 
water or solutes on either side of the membrane, or within the cytoplasm if 
there is 2 concentration difference between areas of the cytoplasm. This 
difference between the concentrations is called a concentration gradient. The 
concentration gradient determines the direction in which water or solutes 
will move. In the cell, the cell membrane is the gatekeeper trying to maintain 
equilibrium of particles on either side. 

Movement of material by the process of diffusion is considered to be 
passive transport because no added energy is required for it to occur. The 
energy inherent in the particles themselves is sufficient for the movement 
along the concentration gradient to occur. 

The essential things for the cell are to allow needed substances to enter, 
to keep other substances outside, and to maintain substances at an equilib- 
rium that is favourable to the life processes. The cell membrane is considered 
to be selectively permeable because it allows certain particles to pass 
through it, but not all particles. The membranes used in desalination and 
water treatment, discussed earlier in this unit, mimic the natural functioning 
of the cell mombrane. Membranes that do this are called semi-permeable 
membranes. Generally, the passage of materials through the cell membrane is 
determined by the size of the molecules, their charge. and whether they are 
soluble in lipids. Particles that are too large will not get through. Only parti- 
cles that are soluble in lipids or that are small enough to pass through the 
pores of the cell membrane will diffuse. Carbon dioxide, a waste product of 
cells. leaves the cell by diffusion because the concentration of the gas inside 
the cell is greater than its concentration outside the cell. Living cells require 
oxygen. a gas that is usually in higher concentration outside the cell. Oxygen 
diffuses across the cell membrane into the cell. In general, particles move 
from an area of high concentration to an area where their concentration is 
lower. 


<> 
T> 
E 


The movement 
of particles is a liquid will result in 
ac even distribulion. 
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moBm 0 
In 1996 researchers found 
that the disease cystic 
fibrosis creates a defective 
transport protein that 
prevents sodium ions from 
crossing the cell membrane 
in lung celis. The build-up 
of sodium outside the cells 
makes these celis 
susceptible to bacteria. 


Minds On 


Try this in your class. 


@ Spread out through the classroom. 


© Have one student draw a map of the location of each 
person or group of people on the board. 


© Have another student, standing in one corner of the 
room, open a sealed package of coffee or a sealed bag 
of microwaved popcorn. 


O Have individuals indicate when they smell the coffee or 


(2.2 The Role of the Cell Membrane in 
Transport 


The transport of gases. nutrients, and wastes into and out of the cell is essen- 
tial for the cell's survival. The cell membrane is the organelle responsible for 
transport. The substances that enter and leave the cell may be ions or mole- 
cules or, in some cases, micro-organisms or other cells. In a physical sense, 
all of these substances can be regarded as particles, and their behaviour can 
be examined with reference to the particle model of matter. 


The Particle Model of Matter Z 


You will recall the particle modol of matter, which helps us to explain the 
nature of matter, from your studies in previous grades. We can use this model 
to help us understand the process of transport in a cell. The particle model 
has four main points: 


„ 
substances may be different in size and composition. 


2 WE 
move least in solids and most in gases. Adding or taking aw y i 
energy will affect the movement of particles. 

3. The particles of matter are attracted to one another or are bonded — 
together. MES id 

4. Particles have spaces between them that are smallest in solids, — 
except for ice, and greatest in gases. The spaces may be occupied 
by the particles of other substances. 9 


As you learn about the transport of material in cells in this section, try to 
relate to the particle model of matter to help vour understanding of the 
different types of transport. 


Questions 


1. Usisg the particle model of matter, explain what has 
happened and why. Be as specific as possible. 

2. Refer to Figure C2.13. Use the particle mode! to explain 
what has happened in the Petri dish. 


3. List the similarities and differences between the coffee 


or popcorn aroma in the room and the food colouring in 
the Petri dish. 


popcorn by raising their hands. Record the order of 


Students' signals on the map. 
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Diffusion 

Roasted coffee contains as many as 800 flavour compounds, which may 
vaporize, releasing aroma molecules into the air when a fresh package of 
coffee is opened. The process you observed with the coffee demonstrates 
diffusion, the natural movement of particles from an area of high concentra- 
tion to an area of low concentration. The place where the coffee was opened 
had many aroma particles. Since these particles are in constant motion, some 
of them are able to move into the spaces between the particles of the air, 
spreading out until they are equally spaced throughout the room. This 
process may take a few seconds or continue for a longer period of time. The 
end result is a state of equilibrium, in which the particles are still moving but 
maintain an overall balanced, even distribution. Figure C2.13 shows diffu- 
sion in the liquid state. The coloured liquid will eventually spread evenly 
throughout. The rate of diffusion can be increased by adding energy and 
increasing molecular movement, for example. by stirring or heating, but the 
process of diffusion will continue even in the absence of added energy. 

Diffusion also occurs in cells. As discussed earlier, water is a major 
component in plant and animal cells. It is the solvent that provides the envi- 
ronment for all biological reactions. Diffusion of water or solutes can occur 
across a cell membrane if there is a difference between the concentrations of 
water or solutes on either side of the membrane, or within the cytoplasm if 
there is a concentration difference between areas of the cytoplasm. This 
difference between the concentrations is called a concentration gradient. The 
concentration gradient determines the direction in which water or solutes 
will move. In the cell, the cell membrane is the gatekeeper trying to maintain 
equilibrium of particles on either side. 

Movement of material by the process of diffusion is considered to be 
passive transport because no added energy is required for it to occur. The 
energy inherent in the particles themselves is sufficient for the movement 
along the concentration gradient to occur. 

‘The essential things for the cell are to allow needed substances to enter, 
to keep other substances outside, and to maintain substances at an equilib- 
rium that is favourable to the life processes. The cell membrane is considered 
to be selectively permeable because it allows certain particles to pass 
through it, but not all particles. The membranes used in desalination and 
water treatment, discussed earlier in this unit, mimic tbe natural functioning 
of the cell membrane. Membranes that do this are called semi-permeable 
membranes. Generally, the passage of materials through the cell membrane is 
determined by the size of the molecules, their charge, and whether they are 
soluble in lipids. Particles that are too large will not get through. Only parti- 
cles that are soluble in lipids or that are small enough to pass through the 
pores of the cell membrane will diffuse. Carbon dioxide, a waste product of 
cells, leaves the cell by diffusion because the concentration of the gas inside 
the cell is greater than its concentration outside the cell. Living cells require 
oxygen, a gas that is usually in higher concentration outside the cell. Oxygen 
diffuses across the cell membrane into the cell. In general, particles move 
from an area of high concentration to an area where their concentration is 
lower. 
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The movement 
of particles im a quid will resuft in 
an even distribuir. 


Inquiry Lab 


Movement across a Semi-Permeable 
Membrane 


The Question 
What happens when a model celi containing starch is placed 
in water Containing iodine? 
The Hypothesis 
State 2 hypothesis based on what you know about sami- 


[FisuRE c2 1a PER set-ap tor steps 3-5 


© Record your observations tor the tour test tubes. 


@ Return to the 500-mL beaker and observe the starch 
‘Solution in the bag. 


© Record your observations. 


Analyzing and Interpreting 


1. What is the resuit of adding iodine tincture to water 
(test tube 2) and 10 starch (test tude 4)? What can you 
infer from these results? 


2. What is the reason for having test tubes 1 and 3 in the 
actwity? 


O Acc approximately 200 mL of tap water and one 
‘Groppertul of iodine tincture to the 500-mL beaker. 


O Hatt tit a zipper lock plastic bag with tap water and se 
Observe the bag to be sure that it does not leak by 
tipping it upside Gown and checking for openings. 

O When you are sure that the bag is ieak-proof. empty the 
water and add starch solution so that è fills half of the 
bag. Remove as much air as possible, seal the bag. and 
rinse it thoroughly with tap water. Place the bag in the 
beaker of water containing iodine tincture. Set aside for 
20-30 minutes. 


© In the meantime. set up four clean test tubes in a test 
tube rack. Add 2.5 mi of water to test tubes 1 and 2, volume? Explain your observations. 
and 2.5 mL of starch solution to test tubes 3 and 4. 
(© Add 5 crops of iodine tincture to test tube 2 containing Forming Constuccens 
water and to test tube 4 containing starch solution. See 5. Did the results of the experiment support your hypoth- 
Figure C2.14. esis? State a conclusion. 


3. Describe the colour changes that result from placing 
the plastic bag containing starch into the beaker of 
water plus iodine Which substance was able t pass 
through tbe plastic bag? Write a short paragraph to 
explain your results. 

4. Consider the ‘tightness’ of the bag at the beginning and 
end of the experiment. What Goes this indicate about 
the volume of solution inside the bag at the end of te 
experiment? What substance is causing this change in 
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Figure C2.15 shows the concepts related to a concentration gradient. The 
operation of a concentration gradient can be demonstrated by using a plastic 
bag containing cornstarch solution as a mode! for a cell and cell membrane. 
The plastic has pores of a particular size that allow ions and small molecules 


to pass through. but prevent large particles such as starch molecules from The ancient Egyptians, 
passing. If iodine ions are in higher concentration outside the bag than anemia 
inside, they will move along their concentration gradient into the bag. The s i d 
passage of the iodine ion from the solution outside the bag into the starch ounds. Until recently it 
solution is indicated by a change in colour of the cornstarch solution. Water was believed that honey’s 
also can move down its concentration gradient into the bag. as is indicated by antibacterial properties were 
the change in volume of solution inside the bag. The starch molecules cannot due to its high sugar 
move along their concentration gradient because they are prevented from pea Seen 
leaving the bag by the semi-permeable plastic membrane. — 2 
3 an artifical solution 
Osmosis „ 
Because the cell is an open system. it always responds to the conditions of its this aew evidence suggests 
environment. If there is a concentration gradient across the cell membrane but other active ingredients are 
the solute molecules are not able to pass through. there will be a net move- ——— 
ment of water molecules through the cell membrane. Water molecules move 
along their concentration gradient from an aree of high water concentration to 
an area of lower water concentration (Figure C2.16). The diffusion of water 
across the cell membrane is called osmosis; it is another example of passive 
Osmosis is 
De f of eater Prog 
a membrane in response to its 
concentration gracent The 
membrane 5 n0! permeable to 
Pe sotse 
mou 
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Activity C8 


Inquiry Lab 


Movement across a Semi-Permeahle 


Membrane 


The Question 


What happens when a model cell containing starch is placed 


in water containing iodine? 


The Hypothesis 
State 2 hypothesis based on what you know about semi- 


O Ace approximately 200 mL of tap water and one 
oroppertu of iodine tincture to the - beaker. 


@ Halt ti a zipper lock plastic bag with tap water and seal. 
Observe the bag to be sere that È does not leak by 
Spping it spside down and checking for openings. 

O When you are sure that the bag is leak-proof, empty the 
water and add starch soluSon so that it fills half of the 
bag. Remove as much air 2s possible. seal the bag. and 
rinse it thoroughly with tap water. Place the bag in the 
beater of water containing iodine tincture. Set aside for 
20-30 minutes. 


O In the meantime. set up tour clean test tubes in a test 
tube rack. Add 2.5 mL of water to test tubes 1 and 2, 
and 25 m of starch solution to test tubes 3 and 4. 


s crops of iodine tincture to test tube 2 containing 
water and to test tube 4 containing starch solution. See 
Figure C2.14. 


276 Welt C: Cycling of Matter ia Living Systems 


‘© Record your observations tor the four test tubes 

@ Return to the 500-mi beaker and observe the starch 
‘Solution in the bag. 

‘© Record your observations. 


Analyzing and Interpreting 


3. What is the result of adding iodine tincture to water 
(test tube 2) and 10 starch (test tube 4)? What can you 
infer from these results? 


2. What is the reason for having test tubes 1 and 3 in the 
activity? 


3. Describe the colour changes that result from placing 
the plastic bag containing starch into the beaker of 
water plus iodine. Which substance was able to pass 
through the plastic bag? Write a short paragraph to 
explain your results. 

4. Consider the ‘lightness’ of the bag at the beginning and 
end of the experiment. What Goes this indicate about 
the volume of solution inside the bag at the end of the 
experiment? What substance is causing this change in 
volume? Explain your observations. 


Forming Conclusions 


5. Did the resuits of the experiment support your hypoth- 
esis? State a conclusion. 


Figure C2.15 shows the concepts related to a concentration gradient. The 
operation of a concentration gradient can be demonstrated by using a plastic 
bag containing cornstarch solution as a model for a cell and cell membrane. 
The plastic has pores of a particular size that allow ions and small molecules 
to pass through. but prevent large particles such as starch molecules from 
passing. If iodine ions are in higher concentration outside the bag than 
inside, they will move along their concentration gradient into the bag. The 
passage of the iodine ion from the solution outside the bag into the starch 
solution is indicated by a change in colour of the cornstarch solution. Water 
also can move down its concentration gradient into the bag. as is indicated by 
the change in volume of solution inside the bag. The starch molecules cannot 
move along their concentration gradient because they are prevented from 
leaving the bag by the semi-permeable plastic membrane. 

Osmosis 

Because the cell is an open system, it always responds to the conditions of its 
environment. If there is a concentration gradient across the cell membrane but 
tbe solute molecules are not able to pass through. there will be a net move- 
ment of water molecules through the cell membrane. Water molecules move 
along their concentration gradient from an area of high water concentration to 
an area of lower water concentration (Figure C2.16). The diffusion of water 
across the cell membrane is called osmosis; it is another example of passive 
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To predict the direction in which a net movement of water will occur, we 
need to compare the solute concentration. A solution that has a higher 
concentration of solutes than that in a cell is said to be hypertonic (“hyper™ 
means over) to the cell. This solution has more solute particles and, there- 
fore, relatively less water than the cell contents. 1f the cell is put into this 
solution. water will leave the cell. A solution that has a lower concentration of 
solutes than that in a cell is said to be hypotonic ("hvpo" means under) to the 
cell. This solution has fewer solute particles and relatively more water than 
the cell contents. If the cell is put into this solution, water will enter the cell. 

A solution that has the same concentration of solutes as that in tbe cell is 
said to be isotonic (“iso” means equal) to the cell. If a cell is put into an 
isotonic solution, there is no net movement of water molecules There will 
still be movement of individual water molecules into and.out of the cell. but 
the overall concentration on both sides of the membrane will remain 
constant. The movement of water across the cell membrane is so easy that, 
even in an isotonic solution, water constantly moves back and forth. 
Figure C2.17 shows the response of an animal cell to three different condi- 
tions in the environment. In a plant cell, the maximum volume is determined 
by the rigid cell wall. Tbe tendency of water to move into the plant cell 
creates a pressure, called turgor pressure, that acts to support the plants 
structure. Figures C3.13 on page 309 and C3.21 on paee 320 show some of the 
effects of turgor pressure in plants. 


Facilitated Diffusion 

Only substances that are soluble in lipids can pass through the lipid bilayer 
by diffusion. Substances that are soluble in water but not in lipids need some 
way of crossing the cell membrane. The protein part of the membrane is 
involved, Channel proteins create pores or channels through which smal! 
water-soluble particles are able to move. These small molecules move in 
response to the concentration gradient. Carrier proteins have the ability to 
attach to larger molecules that are not able to diffuse across the membrane. 
The carrier protein changes shape and physically moves the molecule across 
the membrane and into the cell. Once the molecule has been transported. the 
protein returns to its original shape. This process is called facilitated 
diffusion, because the movement is in response to the concentration gradient 
but needs the presence of the protein facilitator. These two forms of protein- 
modiated transport are examples of passive transport. because no added 
energy is needed for the process to occur. 


Active Transport 

At times, transport by way of a protein carrier in the cell membrane requires 
energy input because, in some cases, it is necessary for the cell to move parti- 
cles against the concentration gradient. from an area of low concentration to an 
area of high concentration. This method is called active transport. It may be 
necessary for the concentration of materials such as nutrients inside the cell or 
for the expulsion of materials even though they are at a higher concentration 
on the outside of the cell. The carrier proteins work almost as a pump to 
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move molecules or ions across the membrane. This is like swimming 
upstream. it is very difficult and requires energy. 

Unlike the passive processes of diffusion, osmosis, and facilitated diffu- 
sion, which do not require energy. active transport requires energy from the 
cell to move materials against the concentration gradient. The energy needed 
is produced in the mitochondria through the process of cellular respiration 
and comes from a substance called adenosine triphosphate or ATP. A series 
of chemical reactions occurs. first in the cytoplasm and then in the mito- 
chondria, to break down glucose and produce the ATP. A comparison of 
diffusion, facilitated diffusion, and active transport is shown in Figure C2.18. 


In any science inquiry activity. you will follow 2 series of 
steps from an initial question to the formation of a conche- 
sion. This Shall Practice gives you the opportunity to review 
the skills needed to perform these steps. 

A student was asked an initial question. Why do vegetables 
Eke carrots and celery become crispy when placed in a 
container of water? 


1. State a hypothesis to answer this question. 


The student designed an experiment to investigate the ques- 
tion above. The experimental design used potato slices of 


the same initial mass placed in sait solutions of various 
concentrations. After a standard time period, the mass of 
ach slice wes obtained and the percent change in mass was 
calculated. Figure C2.19 shows the graph of the data 
obtained in the experiment. 


2. a) U the data were analyzed, what would a zero percest 
change in mass indicate? What could you infer if you 
obtained tus result? 

D) What would a postive percent change in mass ing- 
cate? What could you infer if you obtained this 
sesuk? 
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c) What would a negative percent change in mass ind- 
cate? What could you infer if you obtained this 
mesuE? 

3. interpret the graph of Percent Change in Mass of Potato 

Slices vs. Concentration of Salt Solution shown in 

Figure C2.19, and draw inferences from the data. 


4. State a conclusion about the problem of vegetable 
crispiness and whether your hypothesis was accepted 
or rejected. 


Qu ickLab 
The Incredible Egg 


A dens egg 5 a very large cell. This cell has the mens 
attached to a food source, the yolk. The egg white or 
albumen surrounds the yolk and contributes materials to the 
growing chick. A very tun membrane surrounds me yok and 
ume You can see the colourless membrane when you 
Carefully crack an egg and peel away the shell. The 
membrane aliows oxygen to get to the chick and moves 
carbon dioxide out of the egg These gases are able to get to 
the membrane through more than 7000 tiny pores in the 
eggshell. When eggs are laid, they are covered with a thin 
mucous layer to prevent water loss. Eggs sold in stores have 
a mineral oll coating for the same reason, 


Purpose 
To observe the movement of materials into and oct of a hen's 


top-ioading or pan balance (measuring in grams (g)) 
plastic spoon 
paper towel 


Procedure 


O Set up 2 data tabie simiar to the table below in your 
notebook. Remember to give your table a titie. 
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O Obtain dens egg prepared by your teacher. The eggs 
are im distilled water but were previously placed in a 
weak acetic acid solution to dissolve the shell. Carefully 
remove the egg with the spoon and pat dry with a paper 
towel. Record the mass of the sgg and your observa- 
ons of the egg at the start of the actwity in your table. 


© Submerge the egg in a beaker containing a 10% sait 
solution. Allow the egg to sit for 8 n 


© cet remove the egg with the spoon and rinse it 
ender running water. Pat Gry with a paper towel and 
record the final mass of the egg after treatment with the 
salt solution. Record any changes that yos observe in 
the egg due to submerging in the salt solution. 


© Submerge the egg in a beaker of distilled water for 
15 minutes. The starting mass of the egg for this section 
wil be the same as the final mass for the previous. 
section. Record this mass in your tate 


© Caretutty remove the egg with the spoon and rinse it 


under running water. Pat Ory with a paper towel and 
record the mass of the egg and any changes that you 
observe in the egg due to submerging it in distilled 
water 


O Dispose of the egg as indicated by your teacher. 
Questions 


1. Ina short paragraph explain what happened to the egg 
when R was placed in the salt solution. Include the 
appearance and mass of the egg following this step. 


2. Explain what happened to the egg after it was placed in 
the distilled water for 15 minutes. 


3. Draw a diagram to show the movement of substances 
Across the membrane of the egg in the two experimental 
treatments. 


4. Use the partie theory and your understanding of 
concentration gradients to explain the indirect evidence 
ct osmosis provided by this expenment. 


S. Explain why water was able to move across the 
membrane but sait was not. 


You can use a hen's egg to demonstrate osmosis, the movement of water 
in response to its concentration gradient. When an egg is immersed in an 
acidic solution the shell will dissolve, leaving the membrane intact. If the 
shelldess egg is placed in a 10% salt solution, water will leave the egg by 
osmosis and the mass of the egg will decrease. If the egg is transferred to 
distilled water, the concentration gradient will be reversed. Water will enter 
the cell through the membrane and the mass of the egg will increase 


Endocytosis and Exocytosis 

In some cases, molecules that need to be taken in by the cell, or secreted from 
it. are too large to pass across the cell membrane, even with the help of 
protein carriers. In these cases, the cell has another option—to use vesicles, 
sacs that surround the large particle and contain it. These sacs are similar to 
vacuoles in structure, but are usually small and temporary. When an amoeba, 
for example. comes upon a food particle. it engulfs the particle by folding 
pseudopods around it. A vesicle forms around the particle and the cell 
membrane pinches off around it so that the vesicle is inside the cell. This 
process is called endocytosis (Figure C2.20). 

Similar steps, but in the reverse order, occur when the cell must rid itself 
of large waste particles, or when a secretory cell releases product molecules. 
A vesicle surrounds the particle, then moves to the plasma membrane and 
fuses with it. The vesicle then ruptures, releasing its contents into the 
surroundings, as shown in Figure C2-21. This process of secretion is called 
exocytosis. Both exocytosis and endocytosis require energy from ATP for the 
rearrangement of the cell membrane. 


fe the process of ec a vesicle fuses wit the cel . and Ban tagt 
to release its conterts outside the cell 


(b) Particies are brought into the 
cal by the toidieg-n of the cel 
mertrare to form à N or 
vescie 


Living Systems Are Dependent Upon the Functioning of Cell Structures and Organelies 281 


Activity C18 


Problem-Solving Investigation 


Building Exhibit Models 


A model is a working representation of a concept. object. or 
process. The use of models helps in visualization of abstract 
concepts. An example is the use of a globe as 2 model of 
Earth. 


Recognize a Need 

The Science Alberta Foundation is developing a travelling 
exhibit aimed at describing how knowledge of cellular func- 
Sons is used in industry and medicine. Your class has been 
asked to design, build, end test models to demonstrate c 
sion, osmosis, facilitated diffusion, endocytosis, and 
exocytosis for the display. 


The Problem 
Divide into groups with each group taking one of the processes 
v be demonstrated in the exhibition Collaboration and team- 


work will be essential in designing. constructing. and testing 
your model. 


Criteria for Success 

* inform and educate the general public about ways in 
which knowledge of cellular functions is used in 
industry and medicine. 

* Provide an accurate representation of one of the trans- 
port mechanisms used by the cell in which the process. 
is Clearly demonstrated, including the role of the ceil 
membrane in ths process. 

* Provide a poster or explanation of your working model 
to assist people who stop at the exhibit. 

* Appeal to a large audience of people of various ages. 


O Review everything you know about the process you are 
modelling. and jot down the most important character- 
istics that you wall need to demonstrate in the model. 


© Discuss the materials available to you and what you 
would &ke to use. 
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© Decide on the responsibility af each member of the 
Qroup and determine how you will apportion your time 
to meet the deadline set for fabrication of the display 
(your teacher will provide this information). 


© Choose your own materials. — 
© Design your modei. 

© Ottain approval trom your teacher, 
@ Bute your modet» 


CAUTION: Consider aad follow safety precautions while 
buildeag your model Rersember that others will be ssreg 


the model atso. so you have a respoasibslity for their safety 
as well. 


Test and Evaluate 


© Test your model at least three times to ensure that i will 
work over and over again in the exhibition. Evaluate 
each test and re-design or re-work as required. You 
may want to get input trom other groups as you perfect 
the model. 


O Review what you know about the biological process to 
ensure that your mode! is accurate. 


Communicate 


1. Set up your model and the accompanying poster or 
explanation. Conduct a “staff testing" by having each 
group work through each of the models and provide 
Constructive feedback to the group who designed the 
modal. Make the necessary changes. 

2. Conduct a “focus group testing" with students from 
Other classes, teachers, or parents. Your display is now 
ready to go on tour! 


Check and Reflect 


Knowledge 

1. Explain the four points of the particle model 
of matter. 

2. Explain how the processes of diffusion, 
facilitated diffusion, and active transport 
occur and why each one is important to cells. 

3. Using your own words, explain what is 


4. Explain how you would ensure that the 
celery you bought three days ago will be 
crisp and fresh for your dinner tonight. 

5. What are the differences between passive 
and active transport? 

6. Draw two diagrams showing the processes of 
endocytosis and exocytosis. Indicate the 
similarities and differences. 


Applications 

7. imagine three identical animal cells, each 
placed in one of three beakers labelled A. B, 
or C. Beaker A contains a solution that is 
hypertonic to the cell contents; Beaker B 
contains a solution that is hypotonic to the 
cell contents; Beaker C contains a solution 
that is isotonic to the cell contents. Predict 
what will happen to the cells in each beaker. 
Give reasons for your prediction. 
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8. The principles of osmosis are used in food 
preservation. Certain foods are stored in 
strong salt solutions (brine) or in syrups to 
prevent infection by microbes. 

a) Explain how the principles of osmosis 
apply to this situation. 

b) What effect will these solutions have on 
the micro-organisms? 

9. Use the particle model to explain how the 
size of particles would affect the rate of 
diffusion. 


Extensions 
10. Give some examples of how the cell 


11. Research an example of active transport in a 
cell. Present your findings in a poster or 
PowerPoint presentation. 

12. Using a plastic grocery bag to represent the 
cell membrane, and wrapped candies as a 
food source, demonstrate the process of 
endocytosis. You may use your hands inside 
the bag as the movement of the cytoplasm, 
and scissors and tape to accomplish the 
pinching off of the membrane. Do not turn 
the bag inside out or expose the cytoplasm. 
You must be able to demonstrate the vesicle 
formation. Draw a diagram of your model to 
explain what you did. 
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C 0. Applications of Cellular Transport in 
Industry and Medicine 


Knowledge about the make-up and functions of the cell membrane and 
about methods of transporting substances into cells has advanced research 
in both industry and medicine. Efficient natural systems are often the 
model for manufactured systems. and the cell membrane is an excellent 
example of a selective gatekeeper. Knowledge about the cell membrane 
has prompted industrial use of synthetics to mimic natural functions. This 
area of research and development is known as membrane technologies. 

The molecules associated with the cell membrane on the surface of the 
cell are important for many cell activities. Some proteins, called recogni- 
tion proteins, are embedded in the cell membrane, but stick out into the 
cell's surroundings. They allow cells to recognize one another: for 
example, when egg and sperm cells link together, or when cells of the 
human immuno system recognize and destroy invading bacteria and 
viruses or destroy newly arisen cancer cells. Figure C2.22 shows a model 
of the link between recognition proteins on the surface of different cells 

Other proteins called receptor proteins may bind specifically with 
certain molecules to bring them into the cell by endocytosis. Some of these 
proteins have sugar groups attached to them that make the binding 
specific and allow the cell to identify a particular bacteria or virus. In a 
reverse way that has a negative effect on humans. some viruses like 
human immunodeficiency virus (HIV), hepatitis, and influenza, use the 
binding reaction to target human cells (Figure C2.23). In other cases, the 
binding reaction on the surface of the cell acts like a molecular switch and 
triggers many different activities in the cell. 

Pharmaceutical research draws on this understanding of cell membrane 
proteins to develop and test new drug therapies, making use of the cell's 
ability (either that of the disease-causing organism or of the host) to recognize 
molecules. This is ane of the reasons why studies of the three-dimensional 
shape of molecules are important to health research as well as being of interest 
in themselves. 


Membrane Proteins and Disease 


Researchers have beon working long and hard to find treatments and cures 
for constantly changing viruses such as HIV. New discoveries focus on 
recognition or receptor proteins in human cell membranes that appear to 
be the attachment point for tbe virus. In understanding these proteins, 
scientists suspect that they may be able to produce a lock-and-key scenario 
that would prevent the virus getting into the cell. The process would work 
to block or close off the receptor protein so that the "key" produced by the 
virus would not work—the virus would essentially be locked out 
(Figure C2.24). Imagine covering the keyhole of a padlock with cement so 
that even if you had the right key for the lock, vou would be unable to use 
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it. Being able to turn the virus away in this manner would mean 
that it would not be necessary to deluge the body with drugs that 
could affect healthy celis as well as infected ones. The disease 
could be stopped before it takes hold. 

Cancer research has also targeted the study of recognition 
proteins. Common treatments for cancer are not able to single out 
only the defective cells; they affect healthy cells as well. If it were 
possible to identify the unique proteins of cancer cells, it might be 
possible to develop drugs specific to these proteins, and therefore 
specific only to cancer cells. Further, if certain recognition 
Proteins specific to cancer cells could be identified, they could be 
used to stimulate the immune system to detect and destroy the 
cancer. The ability to be specific and target only cells of the cancer 
would mean less overall discomfort to the patient. 


Synthetic Membrane Technology 


While protein research continues, drug therapies also use a struc- 
ture manufactured to act like the cell membrane. Liposomes. as 
shown in Figure C2.25, are fluid-filled sacs surrounded by a 
phospholipid bilayer identical to the cell membrane in human 
cells. Liposomes were first produced in the early 1960s and have 
since become important agents in the delivery of drugs to infected 
body tissue. They can be produced for almost any need by manip- 
ulating the composition of the membrane. Liposomes are 
microscopic, about 1/1000th the diameter of a human hair. Water 
trapped on the inside can hold water-soluble medications while 
the membrane layer is able to hold fat-soluble medications. The 


human cells, the liposomes can attach to infected cells and 
deliver the medication. 

HIV and cancer therapies make use of liposomes to deliver 
medication. Tbe advantage of using liposomes is that the spheres 
may circulate in the bloodstream for longer than the medication 
on its own, allowing for longer. sustained treatment. Sometimes. 
liposomes concentrate themselves at the site of a tumour or infec- 
tion, and in this way deliver the drug directly to the targeted cells 
without affecting normal cells. 

The use of liposomes in gene therapy to inject DNA into 
tumour cells is another application of liposomes that is actively 
being researched. The DNA is contained inside the liposome. A 
molecule on the liposome surface fits on to certain cancer cells to 
recognize and target the correct cells. In this way, the DNA can be 
introduced into the tumour cells, and begin the production of 
toxins to kill the cell. However, more research is required to 
ensure that healthy cells are not also susceptible to the gene- or 
drug-carrying liposomes. 
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Transport of Protein Hormones 


Insulin is a small protein produced in the pancreas. It is a hormone, meaning 
that it is secreted into the bloodstream and binds with membrane receptors at 
a distance from the point of secretion. The complex formed between the 
hormone and the target cell triggers the target cell to undergo particular 
processes. 

Specialized cells in the pancreas have channels that detect glucose 
(so-called blood sugar) in the bloodstream. This initiates the excretion of 
insulin into the blood. Insulin binds to receptor proteins of tissues including 
liver, muscle, and fat. This binding stimulates the rate of movement of 
glucose into the cells through facilitated diffusion using a carrier protein. 
Glucose is then used either directly to produce energy, or stored as a future 
source of energy as glycogen in the liver, fat in the fat tissue, and protein in 
the muscle. Figure C2.26 shows a model of tbe mechanism of insulin action. 


Peritoneal Dialysis 

Before the process of dialysis was available, people who experienced total 
kidney failure died. Today, the availability of dialysis and kidney transplants 
means that many patients can continue to live full lives. Two types of dialysis 
are possible: peritoneal dialysis and hemodialysis. Both are based on the 
principles of diffusion and osmosis and the operation of concentration gradi- 
ents. The purpose of dialysis is to rid the blood of toxins, wastes, and excess 
fluid produced by the cells of the body. Normally, bealthy kidneys would 
perform this task, sending wastes to be eliminated in the urine. 

In humans. cells form a membrane called the peritoneum, which lines 
the abdominal cavity. During dialysis, waste products from the blood pass 
through these cells into a fluid, the dialysate fluid. This is termed peritoneal 
dialysis. A soft plastic tube (catheter) is surgically inserted into the abdom- 
inal cavity. The sterile dialysate fluid is pumped into the cavity. The 
dialysate has a composition similar to human body fluids and consists of a 
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mixture of water, glucose, and certain substances the body needs. Dialysate 
usually contains sodium, magnesium, chloride, potassium, and calcium 
salts. The dialysate has no toxins or wastes present, so the concentration of 
these materials in the blood is much higher than it is in the fluid on the other 
side of the peritoneal membrane. The movement of toxins and wastes is 
down the concentration gradient. The wastes diffuse across the membrane 
and into the dialysate. As the cleansing fluid becomes saturated or full of 
wastes. it is removed from the body, disposed of, and replaced with fresh 
dialysate until the entire exchange process is complete. 

The patient is able to perform peritoneal dialysis at home while carrying 
on most activities Hemodialysis, on the other hand. is a more complicated 
procedure and must be performed in a health facility. The blood must be 
removed from the body, cleansed using a dialysate fluid in a special machine. 
and returned to the body. The patient is not able to move around during 


In groups, discuss what you know about diffusion, osmosis, Design a representation of the movement of materiis 


and semi-permeable membranes. Consider how knowledge across the peritoneum. You may choose a diagram. poster, 
of these concepts was used to develop the technology of model, role play, or another format of your choice to explain 


dialysis that is now used to save so many lives. the workings of dialysis. 


Reverse Osmosis 

Antarctica d and remote continent, not easily accessible for most of 
TTT! sre earch facita heen 
must be in good physical. emotional. and mental health. As well, the tech- 
nologies used must be reliable and efficient. The McMurdo Research Station 
is charged with meeting the needs of the people living there and addressing 
the question of how to provide potable water. 
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Desalination is the process of removing salt from sea water in order 
to make it suitable for drinking. Sea water in Antarctica is very cold, so 
it is first warmed slightly and then pumped through a 25· um filter to 
eliminate coarse materials. The filter contains layers of anthracite coal, 
sand, garnet, and limestone, The water is pumped through progressively 
smaller filters that allow only smaller and smaller particles to pass 
through. The process is referred to as reverse osmosis (RO) because the 
water moves from a low water concentration (high concentration of 
solute) to a high water concentration (low concentration of solute) and 
therefore requires the force of pressure of a pump (Figure C2.28). 

RO makes use of semi-permeable membranes that allow the water 
to be forced through but filter out other molecules or micro-organisms 
of progressively smaller and smaller size. As this process proceeds. the 
rejected materials continue to increase in solute concentration, 
requiring more force to push the water through. Reverse osmosis is 
affected by charged particles. like salts. so that the larger the molecule 
and the greater the charge on it, the less likely it will be to move 
through the membrane. “Backwash” from the filtration process helps 
to keep the filter clean. Following the RO process, the pH levels of the 
water are adjusted and chlorine is added to kill any bacteria still 
present. RO is an efficient. but expensive, method of desalinating and 
purifying water in Antarctica and other places of the world where 
fresh water is in extremely short supply. RO systems are now available 
for home water-purification. 


Check and Reflect 


Knowledge 


1. The transport of wastes out of the blood 


6. Explain the importance of membrane binding 
to the action of insulin. 


during dialysis depends on the composition 
of the dialysis solution. Explain this Applications 
statement. You should include the particle 7. What methods of water treatment are used in 
model of diffusion and the role of the ceil your area to provide potable water? 
membrane in answer. 
dd 8. Describe some of the limitations of 
2. Draw and label a diagram of a liposome. How membrane technologies in the treatment of 
are liposomes used in the treatment of HIV HIV, diabetos, cancer, and kidney disease. 
and cancer patients? 
3. Describe the role of membrane technologies Extensions 
yea 9. Write an article for an imaginary science 
8 water purification journal. highlighting the importance of the 
periioneel dialysis cell membrane in the development of one 
c) gene therapy for cancer commercial process. 


4. List throe differences between peritoneal 


dialysis and hemodialysis 


5. Explain the term “reverse osmosis” as 


compared with “osmosis.” 


10. Create a Web site to explain what you know 
about cell membranes, diffusion, osmosis, 
and applications in industry and medicine. 
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C 24 Is Bigger Better? 


Whether we consider a one-celled amoeba, a giant sequoia tree, or a 
lumbering elephant, cells are all microscopic in size. Why are cells so small? 
Wouldn't it make more sense for cells to grow to a larger size? That way, the 
human body, for instance, could be made up of a few hundred large ceils 
instead of trillions of tiny ones. And yet, the cell is considered to be an effi- 
cient system Is there an explanation for the small size of cells? 


The Ratio of Surface Area to Volume 


As an efficient. open system. the cell must be able to carry out all of the life 
processes, The transport of materials into and out of the cell is critical 
because these materials will determine how the other processes function. 
The cell membrane is the barrier te free exchange between the outside envi- 
ronment and the cytoplasm. Whatever changes happen to the cell, the ability 
to transport materials must be kept at a maximum. 

If a cell becomes larger and its volume increases, more molecules will 
need to be transported across the cell surface to take part in the cell's func- 
tions. Also. the distance any molecule has to travel from the cell surface will 
increase. If the cell is to maintain its ability to transport substances, there 
must be a greater surface area to match the increased need for molecule trans- 
port. One way to see how the surface area changes in relation to volume as 
the cell changes in size is to calculate the surface area to volume ratio for 
different cell sizes. 


Example Problem C2.1 
Determine the surface area to volume ratio for cubes that have the following 


b) 25cm 


A cube bas 6 square faces, each having area s*, where s is the side length. 
Surface area of the cube A = 6s? 


c) 40cm 


Volume of the cube v = 5? Aca. s 
Surface area to volume ratio of the cube — Sp 
a) s=100m, + = =60 


b) s=2scm, 4 = 24 


c) s=40cm, + =f 158 
The surface area to volume ratios for cubes a), b). and c) are 6.0, 
2.4. and 1.5, respectively. 


Example Problem C2.1 shows that as a cell increases in size. its surface 
area to volume ratio decreases. For efficient transport at a cell's surface, the 
cell must have a large surface area in relation to its volume. The greater the 
surface area to volume ratio, the more efficient cell transport will be. 


infor 


In hot weather dogs tend to 
Ge stretched out but in the 
cold they curl into a tight 
ball A sphere has a small 
surface area, $o your curled- 
up dog is minimizing the 
transfer of heat from his 
body to the surroundings. 


a)j&3em  bj&6cm 
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Activity C11 


Inquiry Lab 
Is Bigger Better? 


If you cut a cube of gelatin into pieces. the total volume 
Occupied by ail the pieces remains the same as the volume 
of the initial cube. However, the surface area changes and 
this means that the surtace area to volume ratio aiso 
changes. Phenoiphthalein is an indicator chemical that is 
pink in a basic solution but becomes colourless when it 
Comes in contact with an acid. Phenoiphthalein was added to 
a basic solution to make the gelatin cubes that you will be 
using in this experiment. You will bring dilute hydrochloric 
acid (0.1 mol/L HCI,,.) in contact with the gelatin cubes and 
measure diffusion by the change in colour cf the gelatin 
Accuracy ot measurement and calculation is very important 
in this activity. Be as careful as possible. 


The Question 


How is the rate of diffusion affected by the surface area to 
volume ratio of a cell? 


The Hypothesis 

State a hypothesis indicating how you think ditfussen wil be 
attected by Gitterences in the surface area to volume ratio cf 
celis. 


CAUTION: Acids and bases are corrosive Handle the 
base-contazung gel caretuily. U any acid spills, wash 
snedcately with cold water 


— 
Materials and Equipment 


3 cubes of gelatin containing phenolphthaiein (sach 
approximately 4 cm X 4 om x 4 cm) 


-e 


one hydrochioric acid Sohn 
(0.1 moi. HCl.) 


metne ruler 
piastic ice 

plastic spoon or tongs 

3250-mL beakers 

graphing caicutator or spreadsheet program 
Clock, watch, or timer 


Procedure 


O Prepare a data table similar to the table below 
Remember to give your tabie a tte 


© Take three identically sized pieces of gelatin. 
© Measure the length of the sides of one cube and record 
the cube side sin the table. 


© cache the surface area, volume, and surface area to 
volume rato for the cube. Enter your results in the data 
table. If you are using a graphing calculator or spread- 
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O Tate a second cube of gelatin. Cut it in half along its 
length, then in haif again across the width, and in haf 
again through the height. 


© Measure and record the length of the sides of one of the 
eight medium-sized peces 


@ Calculate the surtace area of each cube and the total 
surface area of ali the medium-sized cubes. Enter your 
data in your table and graphing calculator or spreac- 
sheet. 


© Has the total volume changed? Enter the total volume in 
your table. 


O Take the third cube of getatin. Cut it into eight pieces as 
you did with the second cube and then cut each of the 
eight pieces again into eight equal pieces, resulting in 
64 equal cubes. 


O Measure the cube side of one small cube. Calculate its 


Sertace area and the total surface area of af the small 
cedes. Enter your data in your table and graphing calce- 
lator or spreadsheet. 


O Has the total volume changed? Enter the total volume in 
your table. 


(B) Piace aif three sets of gelatin pieces into separate 
beakers and add just enough 0.1 mol/L , Io cover 
the cubes. 


(B) Observe the beakers and record the time taken for the 
cubes to change coloar completely from pink to colour- 
less. 


Analyzing and Interpreting 


1. Explain how the surface area to volame ratio changes in 
each of the sets of cubes when the length of the side of 
each individual cube S decreased. 
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2. The colour change indicates the diffusion ot the acid 
into the cube. The rate of diffusion r= "See iem) 
Calculate the rate of diftusion fer ] for the three 
sets o! cubes. 


3. Summarize the effect on the rate of diffssion of 
decreasing the size of individual cubes while iscreasing 
the number of cubes. 


4. Graph your data using the surtace area to volume ratio 
as the manipulated varabie and the rate of diffusion as 
the responding variable. 

5. State a relationship between the surface area to volume 
ratio and the rate of diffusion. 


Forming Conclusions 

6. Usa your data and analysis to suggest conciusons from 
this investigation. Do these conclusions support your 
hypothesis? 


Applying and Connecting 


7. Consider the amount of time it takes to suck on a hard 
piece of candy unti it completely dissolves. Predict how 
the ime wouid be affected t you took an identical piece 
of the same candy (same shape and size), but chewed 
as well as sucked. Give reasons for your hypothesis. Try 
the experiment to see ¢ your hypothesis s supported. 


Extending 


8. is bigger better? Based on your observations, calcula- 
tions, and conclusions, suggest a reason why cells are 
so small. 


infoBIT 


The celis of mult 
organisms are specialized to 
perform certain functions in 
the body. The different cells 
of the body may look very 
dissimilar. For example, 
human red blood celis are 
round biconcave discs while 
the nerve cells are long and 
slender. The biconcave 
Shape provides the greatest 
surface area possible for a 
cell of the volume of the red 
blood cell. 


The Size and Shape of Organisms 


For the survival of each cell. whether as a single-celled organism or as one 
cell in a mass of cells, the amount of surface exposed to the environment is 
crucial. The surface area determines the opportunities for transport of mate- 
rials. If very little surface is available, the opportunities for intake of needed 
materials and expulsion of wastes are severely limited. What happens to the 
cell if it is unable to take in enough nutrients or is unable to remove poisons 
quickly? 

Passive transport is one of the ways in which water, gases, and some 
dissolved nutrients are able to pass into and out of the cell. These materials 
must get quickly to all parts of the cell. The investigation of the gelatin cubes 
in Activity C11 showed that as the surface area to volume ratio increased, the 
rate of diffusion also increased. The set of cubes with the greatest surface area 
to volume ratio was the set with the smallest cubes. That means that the 
smallest cube is the one in which diffusion can be most quickly accom- 
plished. As well, the distances materials have to travel from the surface to the 
other parts inside a small cube are relatively short. So, in the case of cells, 
bigger is not necessarily better. However, cells in multicellular organisms 
perform specialized functions, and their shape and size are determined by 
these functions. 


Maximizing Potential 


To maximize efficiency and promote survival, each individual cell needs to 
have the greatest possible surface area in relation to volume. In this way, 
there are lots of opportunities for transport of substances to occur, and the 
distance any molecule must travel within the cell is not too great. 
Multicellular organisms have evolved and adapted to balance the increased 
size of the organism against the need for an appropriate surface area to 
volume ratio. Compare a large plant and a small one, as shown in 
Figure C2.29. The large plant has more mass and volume. It is a challenge to 
maintain an optimum surface area to volume ratio in order to meet all the 
needs of the cells. The plant may have large, flat leaves to create as much 
surface area as possible for exchange and transport of materials. The smaller 
plant has less mass and volume. It has less problem to transport materials 
quickly to all the cells. 

Multicellular organisms have developed other internal transport systems 
1o reduce dependence on diffusion and to help in the transport of materials. 
For example, the circulatory, digestive, and respiratory systems of animals 
are all involved in the transport of essential materials to all the cells of the 
body, Transport is not confined only to the surface of the skin. In humans, no 
cell is more than 0.1 mm away from a capillary that transports blood to bring 
nutrients and remove wastes. 

Plants also have transport systems for essential materials. These are 
different from the systems in animals. The xylem is concerned with the 
delivery of water from the roots to all parts of the plant while the phloem 
distributes sugars throughout the plant according to conditions operating at 
any particular time. Tbe transport systems may carry substances long 
distances, up to 100 m in large trees. 
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ese similar 


| FIGURE c2 29 | Despite sire differences De two plants most 
Processes 


s y thes celis with nutrients and remove wastes 


Some organisms or specialized structures have features that help to 
increase the overall surface area to volume ratio. The alveoli in your lungs are 
small sacs that increase the total surface area for transport of oxygen and 
carbon dioxide. Tiny finger-like projections, called villi and microvilli, 
extend from the lining of your small intestine to provide more surface for the 
absorption of nutrients. The roots of plants have tiny, thin extensions called 
root hairs that increase the surface area of the cell available for the uptake of 
water. 


eck and Reflect 


Knowledze 
1. Define the following terms: 
a) surface area 
bj volume 
c) surface area to volume ratio 
2. As a cell gets larger. how does its surface area 
10 volume ratio change? 4cm. 


Applications 


|. feSEARCH 


Investigate the range of 
Surface to volume ratios in 
different types of human 
celis and plant cells. Relate 
your findings to the 
functions of the cells. Begin 
your search at 


7. Assuming a spherical balloon and a 
cylindrical balloon both contain the same 
amount of air, which one would represent 
the more efficient cell? Explain your answer. 


8. Assume that you have a perfect cube of side 


3. What is the limiting factor when it comes to 
the size of a celi? Explain. 

4. As the cell grows larger and increases in 
volume, will it need more or less cell 
membrane to survive? Explain. 

5. How does the surface area to volume ratio of 
a cell affect the rate of diffusion of materials 


a) Calculate the surface area of the cube. 

b) Calculate the volume of the cube. 

Cut the cube in half so that you have two 

identical rectangular prisms. 

c) What is the surface area of each of the two 
new rectangular prisms? 

d) What is their combined surface area? 

e) What is the volume of each new piece? 


icross 's surface? What is the combined volume? 
Mane f) Describe how cutting the cube in balf 
6. What determines the size and shape of cells affects surface area, volume, and the 
in multicellular organisms? relation between surface area and volume. 
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1. What are the life processes necessary for an 
organism to survive? 
2. What is the function of 


a) the cell membrane? 
b) mitochondria? 


c) chloroplasts? 
3. Name the four major types of organic 


compounds found in the ceil and give examples 
of each. 


4. Draw a diagrem of the cell membrane to show 
the arrangement of the phospholipid bilayer. 

5. List the four points of the particle theory. 

6. Define the term “semi-permeable.” 


7. Describe the differences between the following 
terms when compering concentrations in 
solutions: 

a) isotonic 
b) hypotonic 
c) hypertonic 

8. What factor determines whether or not transport 
across the cell membrane is "active" or "passive"? 

9. Describe similarities and differences in the 
processes of diffusion, facilitated diffusion. and 
active transport. 

10. List two situations where a cell would use 


endocytosis and two situations where a cell 
would use exocytosis. 


11. What is a hormone? Give an example. 


12. What are recognition proteins? Give two 
examples of the operation of recognition 
proteins. 


13. Identify a drawback to the use of liposomes for 
the treatment of tumours. 


14. What is a scientific model? How do models 
assist our understanding of concepts? Give an 
example. 


15. Distinguish between surface area, volume, and 
surface area to volume ratio. Include formulas. 
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16. Onion cells are rectangular prisms, not cubic or 
spherical. Use the information below to 
calculate the surface area, volume, and surface 
area to volume ratio of the onion cell models. 


17. Predict which one of the models in question 16 
will have the fastest rate of diffusion across the 
surface. Give reasons for vour answer. 


18. Explain how diffusion takes place, using an 
example. 


19. What is meant by a concentration gradient? 


20. A container has two compartments, A and B, 
separated by a permeable membrane inserted 
vertically through the middle. A 10 g/L NaCl 
solution is placed in compartment A and a 
12 g/L NaCl solution is placed in compartment B. 
a) Describe the movement of particles that will 

occur across the membrane. 
b) Drew a diagram to illustrate the movement of 
particles across the membrane. 


21. What is osmosis? 


22. Explain the process of reverse osmosis. Contrast 
this with osmosis. 


Applications 


23. Identify each part of a plant cell. Compare the 
parts to the operation of a factory or to the 
services provided in a community. Include at 
least four organelles and an explanation for your 
choice of comparison. Choose a way to present 
electronic presentation, skit, or another format 
of your choice. 


24. Uso a Vonn diagram to illustrate the similarities 
and differences between plant and animal cells. 


25. Explain how a cell's plasma membrane 
functions. 

28. Identify ways in which the rate of diffusion can 
be changed. Explain each factor using the 
particle model. 

27. How is peritoneal dialysis based on our 
understanding of the function of the cell 
membrane? Find out more about peritoneal 
dialysis and hemodialvsis from tbe Kidney 
Foundation of Canada. Prepare a report. 

28. What is the purpose of a hypothesis in an 
investigation? 

29. Why do grocery store owners spray fresh 


vegetables with water? Are there any vegetables 
for which this is not a good idea? 


30. Describe how recognition proteins are or may bo 
used in cancer treatment. 


31. For a cell to be able to carry out the life 
processes, materials must be able to move in and 
out of the cell, as well as within the cell. What is 


the advantage of having a large surface area? 


32. Dialysis tubing will allow small molecules like 
water and glucose to pass through but will 
prevent large molecules like starch. Examine the 
diagram below. Determine what will happen in 
each situation. 


(a) Diatysis tubing containing2 — (b) Dialysis tubing contaizang a 
glucose solution placed in a starch solution placed in a 
beaker of water Deae of water 


33. Your teacher has set a challenge for the class. 
You must dissolve 10 g of salt in 300 mL of 
water in the shortest possible time. Half the 


class has been given coarse rock salt. while the 

other half has been given fine table salt. 

a) Predict which half of the class will win tbe 
race. 

b) Explain your answer with regard to surface 
area and rates of diffusion. 


3A. Is there anything that the students who have 
been given the coarse rock salt could do to 
increase their chance of winning? Use vour 
knowledge of the particle model and surface 
area to suggest possible strategies. 


Extensions 


35. If the members of a shipwrecked crew drink sea 
water, they will probably die. Why? 

36. Relate the functions of the cell membrane to the 
fluid-mosaic model of the membrane. 


37. Design and build a model of a semi-permeable 
membrane 


38. Provide an analogy for facilitated diffusion. 
Explain bow the analogy serves to represent the 
work of channal and carrier proteins. 


39. Research other current uses of membrane 
technologies in industry or medicine, apart from 
the examples used in the text. Write a paragraph 
describing one of these applications. 

40. Using electronic and print resources, find out 
about current research and breakthroughs in 
cancer and HIV treatments. Write a report 
illustrating how this research is related to our 
understanding of the way cells function. 

41. As organisms increase in size, they have 
proportionately less surface area per unit 


volume. Find out how large organisms 
compensate for the small surface area to volume 


ratio. 

42. identify one significant thing that you learned 
from this section and one topic that vou would 
like to know more about. 


43. Why would enormous insects, often seen in 
science fiction movies, be unlikely to survive in 
our present-day environment? 
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Key Concepts 


la this section, you will learn about the 
foliowing key concepts: 


* use of explanatory and visual models in 
scwooe 


* cell speciakzston in mac organisms. 
ie. pants 

* mechanisms OF transport. gas exchange. 
and environmental response is H 
‘organisms. ie. plants 


Learning Outcomes 
When you have completed this section. you 
will de able to: 


* expla why, when 2 single-celled organism 
er colony of single-celled organisms reaches 
à certain sie, t requires a moticellular level 
of organization. and relate this 10 te 
Specialization of cess, tissues. and systems 
in plants 

* Gescribe how the cells of the leat system 
have 2 vanety of specialized structures and 
fanctiors 

* explain and investigate the gas exchange 
‘system in plants 

* explain and investigate the transport system 
is plaets. 

* expfam and inveshgate photctraps™ and 
gravitropism as examples of control 
Systems in plants 

* trace the development of theocies of 
phototropism and gravtropis 


Plants are multicellular organisms 
with specialized structures. 


magine being stranded on a 

desert island with a group 

of your family and friends. 
You would have two choices. 
You could look out only for 
yourself and be responsible for 
all of your own needs, 
including food and shelter, or 
you could work with the others 
on the island, giving each 
person a particular responsi- 
bility for the community. In the 
second scenario, everything 
does not depend on one person 
alone, and each person works 
for the good of the whole 
group. On the other hand, indi- 
viduals lose some of their 


FIGURE This section of a liac leat 
ows celis in independence by specializing 
de specaigec erer tanctions. in one area and not having 
ihin the lef. Light micrograph (approx. x250) control over all aspects of their 
survival. 


These ideas can in some ways be applied to cells. The protists 
you examined in the pond water exist as single-celled individuals, 
each responsible for carrying out all life processes. Each cell main- 
tains an efficient surface area to volume ratio in order to sustain life 
If a cell becomes too large to function efficiently, it will usually 
divide to produce two new cells. Both cells are now able to flourish 
However. many of the prepared slides and photomicrographs you 
have viewed show material from multicellular organisms. You are a 
multicellular organism. So are a tree, an onion, an earthworm. and an 
elephant. Multicellular organisms are made of many cells (vour body 
has trillions), but the cells are not all alike. When an organism grows 
in size, it is essential that some specialization occurs to deal with 
different functions. In a multicellular organism, different types of 
cells facilitate the movement of nutrients, gases, essential molecules. 
and wastes. 

The understanding of life processes at the microscopic level can 
also be applied to a multicellular organism. This section will focus 
on plants as examples of multicellular organisms with specialized 
structures at the cellular, tissue, and system levels. Figure C3.1 
shows a variety of tissues present in a leaf. 
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C 3. Cells, Tissues, and Systems 


Organisms, small or large, unicellular or multicellular, such as those 
shown in Figure C3.2, can survive if both their needs and the chal 
lenges of their environments are met. To survive, the Euglena depends 
on the normal function of a single cell. while the lodgepole pine 
depends on the normal! function and interaction of countless cells that 
make up its large structure. There are advantages and disadvantages to 
having a large structure that depends on countless single cells. These 
are listed below. 


* Division of labour—when cells are specialized for one partic- 
ular function, they can perform it more effectively and 
efficiently. It is like having the luxury to concentrate on just 
one task and so doing it perfectly. Contrast this situation with 
the single-celled organism, which must be a multi-tasker 
performing all necessary functions at the same time. 

©  Size—the surface area to volume ratio and the related rate of 
diffusion restricts the size of a unicellular organism. In 
multicellular organisms, internal transport svstems allow 
efficient exchange of materials. These transport systems 
permit the organism to grow to a larger size. 

© Interdependence of colis—the life of a multicellular organism 
does not depend on a single cell. When a single-celled 
organism dies, that is the end of that particular organism. If ene 
cell of a multicellular organism dies, it does not kill the entire 
organism. There is a cost, however. If one type of cell functions 
abnormally, for example becomes cancerous, it is possible that 
as the cancer increases, the whole organism will suffer 


Plant Structure 


Plants are multicellular organisms; thev can be regarded as living 
systems made up of many parts, each performing its own important 
function. As plants grow and increase in size, the cells begin to have 
specialized functions. Although every cell contains the same genetic 
information, individual cells perform particular jobs within the 
organism. Groups of cells performing the same function together are 
called tissues. Tissues contributing to the same function form organs 
which are part of a system. The plant has two organ systems, as shown 
in Figures C3.3 and C3.4. The shoot system is everything that is above 
ground: it includes the stem, leaves, buds, flowers, and fruits. It also 
includes tubers (swollen stems that store food, for example potatoes) 
even though they are under the ground. The root system is everything 
underground, but also includes aerial roots even though they are 
above ground 

Cells divide for the growth of new tissue and repair of damaged 
tissue. Mitosis is the process of cell division that allows growth and 
repair; in this process, one cell literally divides into two cells 


a) Unsceftular Euglena Litt micrograph 
approx. x250 


survisal can be solved in very diferent 
sys 


infogrr 
Mutticellular animals, like 
plants, are also composed of 
tissues made up of many 
ceils performing the same 
task. In hamans, we refer to 
nervous tissue, muscle 
tissue, and connective 
tissue, for instance. Tissues 
grouped together to perform 
similar tasks form organs. 
The skin is the largest organ 
of your body. Organs work 
together to form a system. 
The heart, arteries, veins, 
and capillaries are made of 
different tissues, but ail are 
connected and depend on 
the efficient functioning of 
each cell to form the 
Girculatory system 


Plants Are Multicellutar Organisms with Specialized Structures 


Cell division does not occur at tbe same rate throughout the organism. In 
plants, increase in size results from cell division in particular growth areas 
called meristems. Different meristems produce root tissue and shoot tissue 
(Figure C3.3). The process is one of constantly creating new building blocks 
that add to one another almost endlessly. The giant Douglas fir tree is an 
example of the meristems doing their work continually over a long period of 
time to produce an enormous organism 

The root and shoot systems are made up of tissues specialized for 
different activities such as gas exchange, transport of materials. and photo- 
synthesis. In their turn, the tissues are made up of individual, specialized 
celis that each contribute to the function of the tissue. There are three main 
types of plant tissues. Figure C3.3 shows the relationship of these tissues in 
different parts of a flowering plant 

Dermal tissue or epidermis is the outer layer of cells that covers all 
herbaceous (non-woody) plants. This tissue is generally one cell-laver thick 
and is responsible for the exchange of matter and gases into and out of the 
plant. In woody plants, the epidermis of the stem is replaced by cork and bark 
during the secondary growth stage of development. The dermal tissue of the and roct systers in Te developing 
shoot system organs, the leaves and stem. is primarily involved in gas tem punt 
exchange of carbon dioxide and oxvgen. This dermal tissue also protects the 
plant from disease. The cells of the leaves and stem secrete a waxy substance 
called the cuticle that resists attack from micro-organisms and helps to 
reduce water loss from the plant. The cuticle is shown in Figure C3.5(a). 

Derma! tissue of the root system organs is responsible for the uptake of water 
and mineral salts from the soil 

Ground tissue makes up the majority of the plant and is found as a layer 
beneath the epidermis. Ground tissue has several important functions. In the 
stem, it provides strength and support to the plant; in the roots, it is involved 
Cross section of a stem (approx. x 13 e in food and water storage; and in the leaves, it is the location where photo- 
synthesis occurs. Tbe cells of the ground tissue are loosely packed together 
and the air spaces between cells allow gases to diffuse rapidly through the 
ground tissue. Figure C3.5(b) shows the ground tissue in a root. 


gare sue 


Rect pa nesen 


The roct system aad shoot. = x 3€ 
Cross section of vascular and ground me stem t plant (approx x300) x 
tissue in a rct. (approx. x 160) , posad teme, — — E = 
ton with specific functions and arrangement of celis. e Examples of roat tip areas of fa) The cuice protects de surface of De leat (3i Groen 
— RLM polarized light: low oc storage Light micogapè (approx x 200 
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2) The xylem of fw stem s mate up 
9f patie! tubes Light macrogragn 
ome, x200 


ib) The phioee tissue of the stem is 
made up of sieve nube celis wth 


assocatec compancos 
noga (approx 


DD 


= 
fue 


Vascular tissue is responsible for the transport of materials throughout 
the plant. Xylem tissue moves water and dissolved minerals from the roots 
up the stem to the leaves where these substances are used in photosynthesis 
Xylem vessels are thick-walled tubes of varying diameters, the thickening 
being the result of cellulose and possibly lignin being deposited in the cell 
wall. As the cylindrical cells mature, they fuse together and the walls at each 
end become perforated. As a result. the contents of the cytoplasm break 
down. and the celis die, leaving the non-living cell walls attached together 
like a long straw. Imagine stacking paper towel rolls one on top of the other 
and taping them together to form one long tube. These non-living ducts are 
responsible for the movement of water and minerals up the stem. Figure C3.6 
shows the composition of the xylem and phloem 

Phloem tissue transports sucrose and other dissolved sugars from the 
leaves to other parts of the plant. The phloem is formed from individual long 
sieve tube cells, which have perforated end walls, through which the cyto- 
plasm extends. The sieve tubes form continuous ducts. Imagine the same 
tower of stacked paper tubes, except this time there are pinholes along the 
length of the rolls. and in between every two tubes there is a piece of gauze to 
allow the flow of materials from one roll to another. The sieve tube cells 
remain alive, but lose their nuclei. In many plants, sieve tube cells are 
connected to small, nucleated companion cells that appear to direct their 
activities. The sugars transported by the phloem are used to provide energy 
for cellular processes such as protein manufacture, or are converted into 
cellulose. Cellulose forms fibrous structures for strength and support and 
may become associated with lignin in the formation of wood. Some of the 
transported sugars may be stored as starch in roots (carrots, sweet potatoes). 
stems (ginger, potatoes), or leaves (green onions, rhubarb). Figure C3.7 shows 
the organization of the three tissue types in the stem of herbaceous plants. 


GEI 06 ot 3 hextacemus stem. showing the 
tssue types zs seen through the light microscage (approx. x20) 
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Specialization in Plant Cells 

Cells that are no longer part of the meristem show the characteristics of only 
certain parts of their genetic code. Cells become specialized for a particular 
function and produce only the products needed for that function. The 
following are some examples of specialization in plants. 


Ü) Cells that become part of the root system and are responsible for the 
absorption of water and minerals from the soil, produce tiny hair like 
projections called root hairs (Figure (A. The root hairs increase the 
surface area for absorption of water—more cell surface is exposed to the 
soil and therefore tbe amount of water that is able to enter the root by 
osmosis is maximized. You may have noticed these tiny root hairs when 
you pull a carrot or radish from the garden 


(ii) Dermal celis of the shoot system produce cuticle (Figure 3.8(b]) to 
protect the cells from water loss. 


S Celts of the rost showing wet dars zs seen Hr 
the light microscape (approx. x 100) 
(approx. x 1800) 


(c) A scanning electron micrograph cf a stoma. 
(approx. x12 000) 


| FIGURE cas | Types of specialized plant cess 
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(5i Scanning electron micrograph of calls in he upper 
epidaemss of a er showeeg me cue and sorata 


(4) Cots in a bee seen rough the light 
microscope (approx. x200) 


Vascular tissue is responsible for the transport of materials throughout Specialization in Plant Cells 
the plant. Xylem tissue moves water and dissolved minerals from the roots 
up the stem to the leaves where these substances are used in photosynthesis. 
Xylem vessels are thick-walled tubes of varying diameters, the thickening 
being the result of cellulose and possiblv lignin being deposited in the cell 
wall. As the cylindrical cells mature, they fuse together and the walls at each 


Cells that are no longer part of the meristem show the characteristics of only 
certain parts of their genetic code. Cells become specialized for a particular 
function and produce only the products needed for that function. The 
following are some examples of specialization in plants 


end become perforated. As a result, the contents of the cvtoplasm break li) Cells that become part of the root system and are responsible for the 
down. and the cells die. leaving the non-living cell walls attached together absorption of water and minerals from the soil, produce tiny hair-like 
like a long straw. Imagine stacking paper towel rolls one on top of the other projections called root hairs (Figure C3.8(a)). The root hairs increase the 
and taping them together to form one long tube. These non-living ducts are surface area for absorption of water—more cell surface is exposed to the 
responsible for the movement of water and minerals up the stem. Figure C3.6 soil and therefore the amount of water that is able to enter the root by 
shows the composition of the xylem and phloem. osmosis is maximized. You may have noticed these tiny root hairs when 
Phloem tissue transports sucrose and other dissolved sugars from the you pull a carrot or radish from the garden. 

leaves to other parts of the plant. The phloem is formed from individual long (ii) Dermal cells of the shoot system produce cuticle (Figure 3.8(b]) to 
sieve tube cells. which have perforated end walls. through which the cyto- protect the cells from water loss. 


plasm extends. The sieve tubes form continuous ducts. Imagine the same 
tower of stacked paper tubes, except this,time there are pinholes along the 
length of the rolls. and in between every two tubes there is a piece of gauze to 
allow the flow of materials from one roll to another. The sieve tube cells 
remain alive, but lose their nuclei. In many plants, sieve tube cells are 
connected to small, nucleated companion cells that appear to direct their 
activities. The sugars transported by the phloem are used to provide energy 
ib) The phicem tissue of the stem ir for cellular processes such as protein manufacture, or are converted into 
— cellulose. Cellulose forms fibrous structures for strength and support and 
EEN 5 may become associated with lignin in the formation of wood. Some of the 
E^ transported sugars may be stored as starch in roots (carrots, sweet potatoes). 
| FIGURE c3.6 | Vascular nes stems (ginger. potatoes), or leaves (green onions, rhubarb). Figure C3.7 shows 
the organization of the three tissue types in the stem of herbaceous plants. 


ta) Cells of de root showing root hairs as seen through (D) Scanning electron micrograph of celis is fw upper 
fhe fight microscope (approz. x 108) epetermis cf 2 leat snowing the cuticie and somata 
(approx. x 1800) 


fc) A scaneing stectroe micrograph of a stoma (d) Cots in a vascular bundle seen Drought the light 
(appe. x 12 000) microscope (approx. x 200 
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SEARCH 


Investigate the different 
functions of the ground 
tissue in plants. What 
specializations make these 
functions possible? 

Begin your search at 


(iii) The lower epidermal surface of leaves develops specific cells, called 
guard cells, that form tiny pores called stomata for gas exchange 
(Figures C3.8(b) and C3.8(c)). The guard cells are the only cells in the 
epidermis that contain chloroplasts. The upper epidermis usually has 
fewer stomata than the lower. 

(iv) Cells that become part of the xylem in the vascular tissue specialize to 
be able to conduct water and to allow tbe transport of water to adjacent 
cells. These cells die during differentiation of the xylem and therefore 
are empty inside (Figure C3.8(d)). Thev form long tubes that behave 
almost like straws to move water and dissolved salts throughout the 
plant. For example, the long fibres in celery are the vascular tissue of the 
plant 


Check and Reflect 


Knowledge Extensions 
1. Define the following terms: 7. Humans have cultivated and bred plants for 

a) unicellular centuries to provide food. fibre, fuel, and 
b) multicellular medicine. For many years, as a result of plant 
c) tissues research, crop yields have increased. 
d) organ Recently. however, yields are less able to 
e) organ systems keep up with domand, as fertile land is lost 
f) meristems and the population increases. Plant 


2. Name and describe each of the organ systems 
in plants. Draw a diagram to illustrate your 


description. 


3. Prepare a chart to outline the advantages and 


researchers must find ways to meet the 
challenges of production and to fight famine 
worldwide while attempting to maintain a 
sustainable environment and prevent any 
further decline in biodiversity. 


disadvantages of being multicellular. a) Suggest how research into plant structure 
and the relationships between different 
Applications plant tissus typos may id scientisto i 
4. In plants, as in other multicellular meeting the challenge of increasing crop 
organisms, cells specialize to perform yields in a sustainable environment. 
specific functions. List four examples of b) Plants share similer physical structures 
ways that specialization provides for the life and tissue relationships, as outlined in 
processes of the plant. this section, but they also show a huge 
5. Explain why plant stems and leaves have a diversity. How can understanding both 
laver of cuticle but plant roots do not. the similarities and differences assist 
6. Draw a diagram of a tomato or bean plant to sciontists in their research? 
show all of the tissue types described in 8. There is growing concern about climate 
section C3.1. Describe how each of these change and the degradation of the 
tissues contributes to the overall function of environment and about ways that human 
the plant, activity may be important to these changes. 
In what ways could research into plant 
structures and their possible uses for food 
and fibre address these issues? 
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C32 The Leaf and Photosynthesis 


The leaf is a collection of tissues whose main purpose is to carry out or 
support the process of photosynthesis. Within the overall requirements, each 
type of tissue—dermal, ground. and vascular—has a particular purpose and 
function. The survival of the whole organism requires every cell and tissue to 


perform its function. 


The Chloroplast: A Unique Plant Organelle 


Unlike animal cells, many plant cells have organelles called chloroplasts that 
contain the green pigment, chlorophyll. Chloroplasts are easily identified in 
the cytoplasm by their colour. Colls containing chloroplasts are found in the 
ground tissue of leaves and sometimes in stems. Chloroplasts are very impor- 
tant to the functioning of the cell and the organism. These organelles are 
where the plant carries out photosynthesis, a chemical process in which 
carbon dioxide from the air and water from the soil, in the presence of light 
energy, produce glucose and oxygen. Photosynthesis means putting together 
with light (“photo” = light; "synthesis" = putting together). The word equa- 
tion for photosynthesis is: 


Mercy» aught 


water + carbon dioxide glucose + oxygen 
The balanced chemical equation for photosynthesis is: 


. 


SH, 0% + C HO + Org 


In photosynthesis, the light energy is absorbed by the chlorophyll and 
converted into chemical energy that is stored in the molecules of glucose for 
future use in fuelling cellular processes. Light and chlorophyll are not 
considered to be reactants or products. Figure C3.9 shows chloroplasts as 


seen through the light microscope. 
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nos 


20˙ J is the annual global 
net amount of energy 
produced by photosynthesis. 


Chioroplasts ia plant cells seen 
through the light microscope (approx. x 3000) 


Activity C12 


Inquiry Lab 


Counting Chloroplasts 


In this activity, you will be using an aquatic plant called 
Elodea canadensis which is native to Western Canada. 
Sodea grows in ponds, anchored to the pond floor, It has a 
tube-like stem with many small, thin leves growing from it. 
Similar South American species are used in aquariums. 
Small fish eat the leaves, but primarily the many leaves of the 
plant provide protection and shelter. 


The Question 


How many chloroplasts are present in a typical cell of an 
Bodea eat? 


Materials and Equipment 
compound light microscope 

glass slides and coverslips 

droppers 

forceps 


Petri dishes 
Elodea canadensis, Java Moss, or other aquatic 


O Transter some water trom the aquarium where the 
plants are kept into a Petri dish. Using the forceps, 
transfer a section of the plant into the water you 
Collected. 


© Using the torceps. carefully remove one smal, thin leat 
from the plant and place it on a clean glass slide. 


© Make a wet mount of the leaf. Be careful not to include 
air bubbles under the coversip, 


© Examine the slide through the microscope using the 
low-power objective. Find an area where the celis are 
Clearly visible. Switch to high power so thal you can see 
Organelies in the cell. The round, green organelles are 
chioropiasts. The leaf is two cell-ayers thick. Use the 
fine adjestment knob to focus up and down through the 
layers. 


Usit C: Cycling of Matter in Living Systems 


© Draw what you see in the field of view. Set up a data 
table and record the number of chloroplasts present in 
each of 10 celis. Find the mean number of chloroplasts 
per cell 


© Compare the number of chioroplasts in cells near the 
edge of the leaf and in cells in the middie of the leat. 


O Draw one chloroplast. Label your diagrams with the 
name of the plant and the total magnification used. 


© Estimate the actual size of the chloroplast by comparing 
it with the diameter of the field of view, using the tech- 
nique you leamed in Activity C2. 


© Try to distinguish the cell wall in these chloroplast- 
packed celis. The central vacuole is also present but it is 
difficult to see because it is transparest and filled with 
water. 


®© Continue to observe the chioroplasts. What do you 
notice about their position in the cell? Are they moving 
ot stationary? 


Analyzing and Interpreting 


1. What was the mean number of chloroplasts in the celis 
you observed? Were there significant differences in the 
number of chloroplasts in cells near the edge of the leaf 
compared with the middie of the leat? Provide a 
possible explanabon of your observation. 


Describe the movement of the chioroplasts in the cell. 
This movement is often termed cytoplasmic streaming. 
What is its function? Are the chloroplasts of the same 
cell moving in the same direction? Are the chloroplasts 
of all the celis in the field of view all moving in the same 
direction? 


Forming Conclusions 

3. Write a statement to answer the quesSon posed at the 
beginning of the inquiry, based on your observations. 

Applying and Connecting 


4. Plant cells have three structures that are absent from 
animal cells. Suggest reasons why animals do not need 
these structures, but plants do. 


Movement of chloroplasts within cells has given indirect evidence that the 
cytoplasm behaves like a fluid. This type of movement of the cytoplasm and 
its contents is termed cytoplasmic streaming. It is a mechanism that circu- 
lates materials and speeds up their distribution within the cell. Robert 
Brown, who discovered the nucleus, also discovered and demonstrated cyto 
plasmic flow in plant cells. His experiments with Tradescantia pioneered the 
study of the flow of matter within the living cell. Figure C3.10{a) shows hair 
cells in stamens of Tradescantia, observed in a repeat of Brown's experi- 
ments. Figure C3.10(b) shows strands of cytoplasm in onion cells undergoing 
cytoplasmic streaming. 


(a) Robert Brown discovered cytoplasmic siriammg in 
stamen hates, here viewed Ihrough bis microscope. (appr 


Gas Production in Plants 


There aro two important reactions that take place in plants and produce gasos 
as products. These reactions are in many ways the opposite of each other. 
Photosynthesis occurs in the chloroplasts of plants in the presence of light 
energy and carbon dioxide, producing glucose and oxygen. The light energy 
is converted to chemical energy stored in the bonds within the glucose 
molecules. 

To obtain energy to fuel the cell's activities, a second general reaction is 
needed. This process is called cellular respiration. and is a set of reactions in 
which bonds are broken and other bonds formed in new compounds, with 
the result that energy is released. 

Cellular respiration begins in the cytoplasm but is completed in the mito- 
chondria by way of a series of reactions that release energy and produce 
carbon dioxide and water. Tho word equation for cellular respiration is 


glucose + oxygen — carbon dioxide + water + energy 


The chemical equation for cellular respiration is: 
C. H. O. % + 60...) — ., % + 6H.O,, + energy 


These reactions produce the energy needed by the cell to carry out its life 
processes. Cellular respiration using the same chemical reactions is also 
carried out in animal cells to provide energy for the life processes. However, 
plant tissues respire at a much lower rate then animal tissues, and the CO, 
produced during cellular respiration is not an obvious product during the 
day, when photosynthesis is going on. 

In the dark, photosynthesis cannot take place. The plant stops manufac- 
turing food but the process of cellular respiration continues and any carbon 
dioxide that is produced is released. 
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(b) A section trough onion cells 
Shoatng cytoplastuc sm 


Arrows in strands ol 


cytoplasm. (approx. x 600) 
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Activity C13 


Inquiry Lab 


Evidence of Carbon Dioxide 
Production 


Gas production differs in pants and animais. During photo- 
synthesis, plants use carbon dioxide and produce oxygen 
During cefsar respiration. both plants and animals produce 
cardon dioxide. When aquatic organisms produce carbon 
Goce, it sees to produce a weak acid called carbonic 
acid. Carbon dioxide production can be detected by using an 
indicator solution called bromothymol dive (STB). which 
responds to changes in acidity. As carbonic acid is 
produced, the BTB in solution will change from due to green 
(low concentration of acid) to yellow (higher concentration 
of acid). This colour change gives indirect evidence of the 
production of carbon dioxide. In this investigation you wil 
consider the effect of ight on carbon diode production in 
‘Systems containing plants and animals. 


The Question 


Does Sight have an effect on carbon dioxide producton by 
plants and animals? 


The Hypothesis 

Predict whether the presence or absence of light will affect 
cardon dioxide production n an aquatic plant aad an aquatic 
animai 


eg L4 


Materials and Equipment 


10 glass screw-cap viats 


4 sprigs of an aquatic 
plant (e.g... Elodea 
canadensis or Java 


grease pencil or marker 

Na0H solution, D 
0.01 mov. 

Area of the lab that wil 


moss), of eset be it for 24 hours 
SD and wth the ls odd per 


same number cf 
amos) 


4-6 aquarium snasis 
plastic Straws 
water 


bromothymal blue 
rucæot solution in 2 
Sropper dete 


Area ct the lab that wil 
be darkened le. 
inside closed cabinet) 
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CAUTION: Wear gloves for tis activity Bromothymol bive 
Sinz Ain Wash your hands sf the end of the lab act 
Sodium hydroxide (N20H | :3 ce Avoid contact 
with skis. If NaOH gets on yoar sios, flash emmediatety 
under raseng water aed inform your teacher 


Procedure 


O under the vials 1-10. Add water to each val, allowing 
approximately 1.5 cm of air space. 


© Add an equal number of Grogs of STB to each vial so 
that the coloer of the solution remains consistently 
blue. If the solution turns green, carefully add 
0.01 mov. NaOH. one crop at a time. unti the solu- 
bon becomes and stays blue 


© Loosely secure the caps on vials 1 and 2 and sat aside. 


© Adc carbon dioxide to vais 3, 4, 7, and 8 by blowing 
trough a straw unti the solution turns yellow. Loosely 
secare the caps. Set vials 3 and 4 acide. 


© Puce a sprig of the aquatic plant, with cut end upward, 
in vias 5. 6, 7, and 8 and loosely secure the caps. Set 
oer 


© Puce one snail in each of viais 9 anc 10 and loosely 
secure the caps. Set aside. The contents of the vials are 
shown in the table on page 367. 


O Prepare a data table in which to record observations for 
tach of the 10 vais. Remember to give your table a title 
List the contents of each vial, the colour of the sclation 
in each vial. and whether the vial is placed in the light or 
dark. Leave space for your observations before and 
after the expecimert. 


© Piace vials 1,3, 5, 7. and 3 in a lighted area for 24 hours 
(Figure C3.11) 

© Place vais 2. 4, 6. 8, and 10 in a completely dark area 
for 24 hours (Figure C3 11). 


O Record the colour of the solution in each vial after 
24 hours of dark or light treatment, in your Gata table. 


Vial identification 
water « BTB (control) 


water « BTB (control) 


water + BTS + plant 
water + BTB + CO, + plant 


water + BTB + CO, + plast 


Analyzing and Interpreting 


1. Describe the colour observed in each vial. Use labeled 
diagrams to illustrate your observations. 


2. Explain the need for vois 1, 2, 3. and 4 as controls in 
this experiment. 


3. What colour Change occurs in Dromothymol bive solu- 
tion if carbon diode is dissolved in the solution? 
Expiain ary 


4. Based on the colour changes observed. which of the 
vials showed the presence of carbon dioxide? 


8. From the tesuts of your experiment. what can you infer 
about the procuction of carbon dimade by plants and by 
animals in the light and the dark? 


6. Write a statement 10 answer the question posed. 


Extending 


7. Suggest a possible experimental procedure to deter- 
mene whether the carbon dionde prodeced by the S 
Could be used by the aquatic plant in conditions of light 
ot dark 


8. if your lab is equipped with oxygen-sensing probes, 
propose an expermmentai procedere using the agsatic 
piant to record the production of oxygen under condi- 
tions of light and Gark. 


9. How might the techniques used in this inquiry be 
appled to a stay investigating the effects of changes in 
carbon dioxide concentration on plants? 


Prants Are Molncellutar Organes with Specialized Structates 


The complex process of 
photosynthesis bas been 
investigated through cell 
research based on the 
understanding of how 
molecules function. Find out 
more about cellular esearch 
on plants. Begin your search - 
at $ 


waw pearsonec ca 
schoolscience? 


Check and Reflect 


Knowledge 


1. Describe the process of photosynthesis. 
Include the word equation and the chemical 


Experiments to investigate gas production in organisms under various condi- 
tions may focus on the formation of the product or on the consumption of the 
reactants. For example. in a study of photosynthesis students may observe 
oxygen production by counting the bubbles of oxygen produced by an 
aquatic plant. or by measuring the volume of water displaced by the oxygen 
gas produced. Alternatively, photosynthesis may be studied by measuring 
the amount of carbon dioxide consumed in the process. Cellular respiration 
in plants or animals may be studied as the amount of oxygen consumed in 
the reaction or the amount of carbon dioxide produced as a product of the 
reaction. Oxygen-sensing probe ware can provide a measure of the change in 
the gas volume over the course of an experiment. 


number of “degrees of separation™ for each 
item. 


a) cotton shirt 
b) ham and cheese sandwich 


Yom €) coal (the main source of electricity in 
2. What essential role does chlorophyll play in Alberta) 

photosynthesis? d) an item of your own choosing—see if you 
3. Explain the differences in activity of plant can get "6 degrees of separation" 

cells in the dark and in the sunlight. 

Extensions 
Applications 7. What would happen in the process of 
photosynthesis if 


4. Why is it useful to know the actual size of a 


cell or organelle? 


8. The chloroplasts and the mitochondria in a 
cell have opposite functions, Agree or 
disagree with this statement. Explain your 


a) more carbon dioxide was available? 
b) the light intensity was increased? 

8. Heat energy was not identified in the 
photosynthesis equation. yet gardeners will 
tell you that the warmth of a greenhouse is 
advantageous in producing healthy and 


6. An important part of Alberta's economy is 
related to the oil and gas industry. Oil and 
gas, used to power our vehicles. heat our 
homes, and cook our meals, can be traced 
back to pre-historic plants and animals that 
died and were buried under layers of rock for 
millions of years. In fact, almost everything 
we eat or use can be traced back to plants 
because of their ability to take energy from 
the Sun to produce sugar and starch. 


Trace each of the following items back to 
plants. Draw a schematic to show the 


n 


faster growing plants. How do you explain 
this? 

9. Have you ever been lazing on an air mattress 
on a lake or pool? Without using any energy 
of your own, you are able to drift around 
quite easily. Rolate this experience to the 
movement of the chloroplasts in the cell. 
What are the chloroplasts drifting on? Design 
and buiid a model to mimic the fluidity of 
the cytoplasm and the movement of 
organelles within the cell. 


C 3.3 The Leaf Tissues and Gas Exchange 


Air can enter cells by passive diffusion. However, it would take a long 
time to get the needed volume of air into a plant that way, especially 
with the cuticle covering the surface of most of the plant. To solve this 
problem, the leaf has specialized cells to maximize its ability to 
exchange gases. There are also other specialized cells that function to 
provide the reactants and remove the products of the leaf's cellular 
activities. 


Dermal Tissuc 


The epidermis on both the top and underside of the leaf is clear and very 
thin. Specialized cells called guard cells form tiny openings or pores 
called stomata that allow gas exchange to happen easily. The stomata 
regulate the movement of gases. They open into air chambers that 
connect with the cells of the ground tissue. Carbon dioxide and oxygen 
can therefore enter and leave tbe leaf by diffusion at any time. The direc- 
tion of the movement of these gases depends on their concentration 
gradients. The majority of stomata are found in the lower epidermis on 
the underside of the leaf. Figure C3.12 shows the arrangement of stomata 
in a leaf. 

It would not be efficient to have the stomata open all of the time. The 
guard cells that surround the stomata control whether they are open or 
closed. The guard cells are kidney bean-shaped and, depending on 
conditions, swell up to open the stomata, or shrink away so that the 
stomata are closed. Light striking the leaf stimulates tbe guard cells to 
accumulate potassium ions by active transport. As a result, the number 
of particles present in the guard cells increases, water enters by osmosis, 
and the guard cells swell up under increased turgor pressure. The outer 
walls of the guard cells are thinner than the inner walls, so the cell 
under pressure bulges outward and is drawn into a crescent shape. in 
this way, the stoma opens. 

Guard cells function to allow materials in and out when necessary, 
but also to protect the leaves from losing too much water through open 
stomata. Because all gases must dissolve in a film of water to pass across 
cell membranes. a film of water is always on the surface of celis. This 
means that water is continually being lost from the plant by evaporation 
through the stomata. In conditions where water is not readily available, 
the guard celis become limp and this closes the stomata. A model of the 
mechanism for opening and closing the stomata is shown in Figure 
Ca. ia The process of water vapour leaving the leaf through the stomata 
is called transpiration. Without the contro! system operated by the 
guard cells, transpiration could dangerously dehydrate a plant. 


The oe asd dosing of fe stomata are contrclies Sy 
Changes in the celi conterts, followed dy moverest o! water 


E 
Grepo 
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Activity C14 


Inquiry Lab 


Analyzing Stomata 


Transpiration is the movement of water vapour out of the leat 
through the stomata. By controlling the opening and closing 
of stomata, the guard cells provide the control system 
necessary to reduce water loss from the plant. in the first 
part of this activity you will observe plants, which your 
teacher provides, to obtain indirect evidence of this process 
of controlling water loss. in the second part of the activity, 
you wil! use prepared slides to make an analysis of the 
numbers of stomata present in differant plants. You will use 
the data from both parts of the activity to form a conclusion. 


The Question 

What effects do environmental factors have on the number 
and appearance of stomata and on their ability to monitor the 
process of transpiration? 


The Hypothesis 

Using what you know about the role of stomata in plants, 
state what you think would happen to the number and 
appearance of stomata in conditions that are (a) dry or (b) 
humid. 


Materials and Equipment 


3 pottad plants covered with clear plastic bags (e.g... 
cactus, jade, geranium) 


prepared slides of leat epidermis ſe g. cactus, 
geranium, pine needles, Elodea) 


compound light microscope 


fase ffo F'usliam of BAséasla! hdae Guasbsma. 


O Examine the three potted plants provided by your 
teacher. These plants have been covered with clear 
plastic bags for a few days, as shown in Figure C3,14 


@ As a large group, discuss the differences between the 
plants. Record your observations in a table of class 
results. 


© amine each of the prepared slides of leaf epidermis 
provided by your teacher. Using the low-power objec- 
live, examine the slide and draw and label what you see. 
Include the name of the plant and the total magnifica- 
tion. 


© Move to the medium- and high-power objectives. Observe 
epidermal celis, presence or absence of stomata, cell 
nuclei, and chloroplasts. 


© Set up a data table im your notebook. Count and record 
the number of stomata in your field of view. Draw and 
label what you see, and include the name of the plant 
for each side, observing cells in two other fields of 
view. 


O Using a spreadsheet or graphing calculator, enter the 
number of stomata per unit area found in each plant. 
Include the average of the three fields of view for each 
plant. Generate a bar graph to allow a comparison of the 
plants. 


activity In step 1 


Analyzing and Interpreting 


1. Compare the results of covering the three ditterent 
plants with clear plastic bags. 


2. Based on your knowledge of transpiration, explain your 
observations. 


3. Describe the shape of the epidermal cells you observed 


in each of the prepared slides. Are there any differences 
in cell shape among the different plants? 


4. In which celis of the epidermis did you find chloro- 
plasts? 


Forming Conclusions 


5. Based on your observations and graphed results, 
develop a statement describing the relationship 
between the environment (high or low humidity) and 
the number of stomata found in plants adapted to each 
environment. 


8. Wet is the relationship between the number of stomata 
and the amount of transpiration? 
Applying and Connecting 


7. Why do plants show a variation in the stomata density 
rather than in tha size of the stomata? Consider the 
function of the stomata in your answer. 


Sensitivity of Stomata 


The number and appearance of stomata in the epidermis are sensitive to 
environmental! conditions. Since plants must regulate the loss of water 
through transpiration, those growing in hot. dry climates with low humidity 
have adapted to having fewer stomata. In places where humidity is high, 
water loss is not a problem and plants may have many stomata, Similarly, if 
carbon dioxide is in short supply, stomata may be open to the maximum to 
obtain whatever carbon dioxide is available. If there is a normal level of 
carbon dioxide available for photosynthesis, the stomata will be less stressed. 


Ground Tissue 


Between the upper epidermis and the lower epidermis of the leaf are special- 
ized ground tissues called mesophyll. There are two very different types of 
mesophyll tissues. The palisade tissue cells are found just below the upper 
epidermis. They are long, rigid. rectangular cells that are tightly packed 
together and arranged so that a large number of cells are exposed to the Sun's 
rays. Tho palisade tissue cells are responsible for photosynthesis, so as you 
would expect, there are many chloroplasts in this layer of tissue. These cells 
require carbon dioxide as a reactant during photosynthesis and produce 
oxygen as one of the products. 

Between the palisade tissue cells and the lower epidermis are loosely 
packed, irregularly shaped, less rigid cells making up the spongy mesophyll 
tissue. The increased space between these cells allows for the primary func- 
tion of the spongy mesophyll tissue: gas exchange by diffusion throughout 
the leaf. The mesophyll cells will move oxygen toward the stomata for expul- 
sion from the plant and will move carbon dioxide from the air toward the 
palisade cells. Figure C3.15 shows a cross section through a leaf. 
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Quar? cen xe pikem — airspaces 


T ickLab 
Airtight 


Purpose 
To observe the ability of leaves to exchange gases 


b) Light micrograph of a leaf in 
cross section (approx, x70) 


The process of diffusion is very efficient in plants because of the air 
spaces present in the spongy mesophyll of tho leaf and within the stem. Air 
diffuses through the stomata and into air spaces in the leaf, through the inter- 


|»... ifoBiT 


The next time you are 


cellular spaces and down the stem. Activity C15 shows evidence of this drinking from a juice box 
airflow. As air is sucked out of the bottle, a vacuum is created and air from with a tight-fitting straw, try 
outside enters the bottle through the leaf and stem. poking a small hole in the 


Vascular Tissue 


The vascular tissue provides the leaf with the water needed for transpiration 
and for photosynthesis, and also removes the sugars formed in photosyn- 
thesis. If you observe a leaf, you will see a network of ribs running through it. 
These ribs, called leaf veins, contain the vascular tissue of the leaf. The 
xylem and phloem tissues are buncbed together like a handful of straws in a 
vascular bundle. The xylem transports water, necessary for photosynthesis, 
and dissolved salts from the roots to the leaf. The phloem transports the sugar 
manufactured in photosynthesis to the rest of the plant. The vascular bundles 
are direct extensions of the vascular bundles of tho stem. They branch into 
finer veins within the spongy mesophyll. Examine Figure C3.15 again to see 
the relationships between all the tissues in the leaf. 


Gas Exchange in Plants 


In plants, all gas exchange occurs by diffusion. There are no organs specifi- 
cally concerned with gas exchange. Diffusion of gases occurs through air 
spaces and then across cell membranes. In the leaf, the stomata, regulated by 
guard cells, allow for more efficient intake of gases and therefore for more 
rapid diffusion of carbon dioxide into the palisade and spongy mesophyll 
cells. Diffusion of oxygen out of the leaf is also maximized by the air spaces 
in tho ground tissue and the presence of stomata in the epidermis. 

The leaf is not the only place where gas exchange occurs. You may have 


top across from your straw. 
Tt is mech easier to drink 
the juice by allowing air to 
enter the box as you are 
drawing it out through the 
straw—a lot quieter too! 


ESEARCH 


noticed what appear to be blisters or slashes on the stems of trees and herba- £ What are some of the ways 
ceous plants, as shown in Figure C3.17. These are natural openings. They are : „ 
pores along woody stems and mature roots, tho result of a split in the : un ard enen 
i is. These pores are called ` 
Suck on the straw to pull the air out of the bottle. ! secondary outer tissues that replace the epidermis. por È Begin your search at 
Oe come drin ee lenticels and, like the stomata, provide a pathway for gas exchange. Like the — = waw poarsored ca! 
O For this activity. you will work in pairs. Partially fil the leaks around the clay seal. stomata, the lenticels also provide an opening for transpiration to occur. schooiscience 10 


bottle with water as shown in Figure C3.16. 


© Cut a fresh leat trom the plant your teacher provides. Be 
sure to have a long stem attached to the leaf. 


© Wrap modelling clay around the stem, close to the leat. 
Place the stem into the bottle so that the end of the stem 
is submerged in the water. Wrap the clay around the 
bottle opening to seal 


© Poke a small hole in the clay and insert the straw. The 
straw should not touch the water. Re-seal the clay 1. Describe what happened when air was withdrawn from 


O Have a partner observe what is happening in the water. 
Record the observations. 


O Exchange the straw for a clean one and re-seal the 
opening. Switch roles with your partner. Record your 
observations, 


Questions 


IGURE C3.17 Pip PES 
as seen on the inser suríace of a piece of 


the bottle. birch bark. Lenticals allow gas exchange to 
around the straw so that there is no air leakage, Figure and trom She inner parts of the tree trunk. 
C3.16 shows the experimental set-up. 2. Offer an explanation for your observations, (approx. x4) 
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Check and Reflect 


Knowledge 


1. Drew a cross section of a leaf and label the 
upper and lower epidermis, palisade tissue, 
spongy mesophyll tissue, and chloroplasts. 

2. Describe the functions of the following leaf 
structures: 

a) epidermis 
b) guard cells 
c) palisade tissue 
d) spongy mesophyll tissue 
e) xylem tissue 
f) phloem tissue 
3. What is the function of stomata? 


4. Describe circumstances that would affect the 
number of stomata. Explain your answer. 


5. Explain why the palisade cells are tightly 
compacted while the spongy mesophyll cells 
are more loosely organized. 

6. Identify two environmental stresses that 
would cause stomata to close. Provide an 
explanation for each response. 


Applications 

7. What is the advantage of having the palisade 
tissue directly below the upper epidermis? 

8. Stomata are found mainly on the lower 
epidermis. Propose a reason for this. 

9. In a paragraph. state the relationship 
between lenticels, stomata, guard cells, and 
the process of diffusion. 

10. Greenhouse plants often have trouble 
surviving when placed in a natural 
environment. Provide a possible explanation 
why this is so. 

Extensions 

11. Using any materials of vour choice, design 
and build a model that will demonstrate the 
workings and purpose of the stomata. 

12. “Stomatal density is the term used by 
scientists to refer to the number of stomate 


found within a certain area of the surface of a 
plant. In Activity C14 you determined 


7*4 fai C Curban of Matter te | horn Sector 


stomatal density in various plants. This type 
of analysis can provide insights into the 
environmental conditions in which the plant 
was found. 


(2) Bread ext (approx x500) D Needle (appro 300) 


a) As you move from the foothills to the 
mountains deciduous trees intermingle 
with coniferous trees unti] at higher 
elevations the trees are primarily 
coniferous with needles rather than broad 
leaves. Needle shape is an adaptation of 
the leaf to climate. Needles contain less 
sap and are less likely to freeze. Being 
dark in colour and staving on the tree 
year-round, they can use whatever 
sunlight is available to the full. Using the 
results of Activity C14 or additional 
research. explain how stomatal density 
and needle structure also contribute to 
the survival of coniferous trees at higher 
elevations or latitudes. 


b) A scientist has proposed that elevated 


CD, levels will result in decreased 
stomatal density while depressed CO, 
levels will result in increased stomatal 
density. Suggest a possible controlled 
experimental procedure to test this 
hypothesis. 


c) Paleobotanists study fossil imprints of 


plants. In some cases the imprints 

provide evidence of stomatal density. 

i) How might this data be used to suggest 
the environmental conditions of 
prehistoric times? 

ii) How might the research of 
paleobotanists be used in the context 
of current studies of climate change? 


C 34 Transport in Plants 


How is it possible for a plant like the tall Aspen shown in Figure C3.18 to 
transport the water it absorbs through its roots to the leaves in its uppermost 
branches so far away? This is obviously a difficult task and, one might infer. 
a task that must require energy input. The tree must accomplish this task, 
because photosynthesis occurs only in the leaves and requires water, and 


without photosynthesis the tree would die. 


Many factors are involved in the movement of water in plants. In section 
C2.0, you learned about the processes of osmosis, diffusion, active transport, 
and transpiration. These processes result in the movement of materials 
through plants. Earlier on in section C30, vou learned about the structures 
involved in the movement of materials through plants, such as cell 
membranes, vacuoles. and the vascular tissues. How do all these work 


together to bring about the movement of water? To answer this, vou need to GETER] ec 
connect the processes and the structures—just like putting together the tke The ones shows here ae à 


pieces of a jigsaw puzzle. 


QuickLab 
Capillary Action 


The ability of the surface of a liquid io cling to the surtace of 
a solid. causing the liquid to move along that solid, is called 
capillary action. Capillary action is at work when you place 
one comer of a paper towel on a spill and the liquid moves 
along the towel until £ is completely absorbed 


Purpose j 
To demonstrate a property of water and capillary action 


Materials and Equipment 


beaker of concentrated pennies 
food colouring liquid dish detergent 


3capHary tubes dt s potted herbaceous plant 
length dul different droppers 


Procedure 

O Crean a penny, and using 2 dropper, add one drop of 
water at a time, very gently. to the top of the fiat coin. 
How many drops can you get to stay on the penny: 1. 
10 100, 1000? When you think you have reached the 


maximum. add just one crop of Squid dish detergent 
Record your results. 


feature of De Abeta landscape 


(B) Piace al three capillary tudes into the beaker of food 
colouring. Allow them to sit for a day. Observe and 
record the results. 


© Using the pant provided, cut the stem off close to the 
level of the soil. Your teacher may do this as a demon- 
stration. Observe for 2 iew minutes. You should degin to 
see water flowing out cf the stem. 


Questions 


1. How many drops of water were you abie to get to stay 
on the penny? Wes this number more or iess than what 
yos hac expected? 

2. Describe what happened when dishaashing Biquid was 
added. Do you think you would have been able to 
continue adding water if you had not added the d 

3. Compare the three capillary tubes in step 2. Which tube 
transported the food colouring the greatest distance? 

4. State a relationship between the diameter of the capii- 
lary tube and the distance of transportation. 

S. Explain why you were able to observe water moving out 
of the cat stem. Why did the water not dran back into 
the roots? 
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Minds On 


The Movement ot Materials 


Take a moment to review what you know about the struc- — root system. On the diagram, identify the structures 
tures and processes that move materais im plants and the — involved in the transport of materials aad place the 
ways in which they may all be connected. Draw a diagram of processes where you think they occur You wil! have an 
a plant in your notebook showing the shoot system and the — opportunity to revise your drawing later in this section. 


Cohesion and Adhesion 
You have probably been aware since you were a small child that water is 
transported up the plant from the roots to the leaves. The question to 


consider now is, what structures and mechanisms allow the plant to pump 
water to the leaves, often a very great distance, against the force of gravity? 

The experiments in Activity C16 appear simple. but they illustrate the 
complex property of water that allows water molecules to cling to each other 
and to other molecules. This property aids in the transport of water in plants. 
As you added more and more drops of water to the penny, you probably 
noticed that the water was forming a dome on top of the penny. Each droplet 
was clinging to the last one. The attraction of water molecules to other water 
molecules is called cohesion. This property is due to the polar nature of the 
water molecule. The slightly positive end of one water molecule attracts the 
slightly negative end of other water molecules with the result that the mole- 
cules tend to bold together. Each droplet that you added was attracted to the 
other droplets and they held together forming the dome shape. When the 
dishwashing liquid was added, the attraction between molecules was broken 
and a mini-flood was the result. 

Because of their polar nature. water molecules are also attracted to mole- 
cules of other substances. In the capillary tubes, the water was able to inch up 
the tube partly due to cohesion, but also because the water particles were 
bolding on to the glass sides of the tubing. Imagine rock climbers grabbing on 
with bands and feet to anything on the rock surface that will assist them in 
inching up the face of the rock. Some of the water molecules are attracted to 
the glass and pull thomselves and other molecules up the tubing. The attrac- 
tion of water molecules to molecules of other substances is called adhesion. 


Root Pressure 


in the early morning. you may have seen droplets of water on the tips of 
blades of grass or at the edges of small plants like strawberries. The move- 
ment of water into these areas occurs at night when the rate of transpiration 
is low, but root cells are still accumulating minerals. This movement is the 
result of root pressure. In Activity C16. vou would have observed water 
flowing from the cut stem of the plant. The fluid coming out of the stem is 
also due in part to root pressure, a pressure created in the xylem in the 
following manner. Dissolved minerals are present in the cells of the root as a 
result of active transport, thus producing a higher solute concentration inside 
the cell. Through the process of osmosis, water is drawn into the cells, 
creating positive pressure that forces fluid up the xylem. Water is forced from 
a higher pressure in the roots, toward the lower pressure in the leaves. 
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Examine the photos of 2 carnation and a celery stan 
after immersion of the stems in food colouring. 


1. ina short paragraph. describe what you observed 
in the camation and celery stai (Figure C3 19). 

2. What are you able to infer from the results of ths 
experiment? Explain your inference. 


3. Are you able to identity any of the celis in te 
celery stalk cross section? Are all the cells of the 
Stak stained? 


4 Develop a statement to explain how adhesion and 
cohesion are involved in moving the food 
Colourmg up the stem of the carnation and the 
celery stalk. 


Root pressure, while important in some plants, is not the complete expla- 
nation for water movement. It is able to push water to a maximum of only a 
few metres and many plants are over 100 m tall. The overall process of water 
movement is affected in a major way by transpiration, which has the effect of 
pulling water up the stem. 

The properties of adhesion and cohesion are at work in moving the food 
colouring in the carnations and celery stalks. In growing plants. transpiration 
occurring at the stomata and lenticels has the additional effect of sucking 
the water up. As water is lost in the stem and leaves, it must be replaced. and 
so water from below is drawn up the stem as a result of transpiration. This is 
the reason that only certain cells, those present in the xylem. are stained in 
the celery stalk preparation (Figure C3.19(b)). 


From Root to Leaf: Water Transport in Plants 


Earlier in this section, you drew a diagram trying to place all the pieces of the 
jigsaw puzzie called transport together. Pull out that diagram and as you 
work through this discussion make changes. additions. or deletions to it. See 
if you can create your own study guide for the flow of matter in plant 
systems. Keep in mind that substances (gases, minerals. sugars) must be 
dissolved in a film of water to be transported in plants. In addition, transport 
has costs for the plant in the form of energy expended in active transport 
across membranes. in the growth and development of vascular tissue. and in 
the replacement of the water lost through 

The transport of water in the plant is the result of a combination of 
factors. Differences in pressure are caused by osmosis and transpiration. At 
the root, root hairs absorb minerals from the soil by active transport. Water 
then enters the root hairs through osmosis because of the high concentration 
of solutes inside the root cells. This leads to root pressure, which forces water 
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The narrow column of water 
moving up the xylem vessels 
from the roct to the leaf 
under the influence of 
transpiration pull is 
incredibly strong. The 
cohesion of the water 
molecules in the column 
gives it the same strength 
as a steel wire of the same 
diameter, A “pull” at the 
top of the columa can draw 
water ail the way from the 
roots. 


c3.20 Me Sow of 
from the roots to the leaves 


through the cells or along cell walls into the xylem. Once the water is in the 
xylem tubes, it must be moved against gravity up the stem to the leaves, 
sometimes a distance of as much as 100 m. 

The evaporation of water through the stomata and lenticels in the process 
of transpiration creates a tension or transpiration pull. As each water 
molecule evaporates into the surroundings. it creates a pull on the adjacent 
water molecules. Combined with the forces of adhesion and cohesion, this 
transpiration pull is enough to draw the water up the xylom vessels to the 
loaves. Once the water arrives at the leaf, the transpiration pull is enough to 
move the water from the xylem into the ground tissue. A high proportion of 
the water is lost from the plant as evaporation through the stomata. In this 
way, the transpiration pull is maintained to continue drawing water up the 
stem. Transpiration depends on temperature; if the temperature is high, the 
rate of evaporation through the stomata will be high and movement through 
the xylem will be rapid. In ideal conditions, water can rise 75 cm per 
minute. 

The rest of the water in the leaf is used to manufacture sugars in the 
process of photosynthesis. These sugars in solution then move into the 
phloem tissue for distribution to other parts of the plant. Figure C3.20 indi- 
cates the direction of water movement, based on the pressure gradients. 


3: 
i . 


pee 


Water Uptake from Sod 
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Activity C17 


Inquiry Lab 


Tonicity and Plant Cells 


Tonicity refers to the concentration of solute particles in any 
Solution. If the environment of a cell has a higher concentra- 
tion of solute particles than the cell contents, the cell 
environment is said to be hypertonic or to have a higher 
tonicity. Living celis continuously respond to the tonicity of 
their environment. 


The Question 
What is the effect of tonicity on plant celis? 


The Hypothesis 
Develop a hypothesis for the effect of increased tonicity of 
the environment on plant celis. 


— 


Materials and Equipment 
Compound light microscope 

Elodea canadensis leaves or suitable alternative 
glass slides and coversiips 


CAUTION: Observe proper technique with the microscope 
to ensure safe handling of equipment. Wash your hands at 
the end of the lob activity. 


Procedure 


O Remove a leat trom the Elodea plant and prepare a wet 
mount side. 


© On low power, focus on an area of cells near the leaf's 
edge. Find an area in which you can clearly identity the 
following cell structures: cell wall, nucleus, chioro- 
plasts, and vacuoles. The cytoplasm is colourless, so it 
is not directly visible. Switch to a higher power objective 
lens to see ail of the cell structures. 


© Draw a diagram of your field of view. Calculate the size 
of a single Elodea cell using the procedure trom 
Activity C2. Label the cell structures on your diagram 
and cu total magnification and actual size. 


© Continue to observe the slide tor a few more minutes 
and racord observations that relate to moving materials 
around the cell or into and out of the cell 


© Place a drop of concentrated salt solution at one end of 
the coverslip. With a paper towel at the opposite end of 
the coverslip. slowly draw the salt solution under the 
Coversiip as you would # you ware staining the celis. In 
this way, you will change the tonicity of the environment 
of the ceils, 


© Caretuty observe the sie for any changes in the cell 
structures, Pay particular attention to the vacuoles. 
Adjust the light to maximize the contrast between cell 
structures. Vacuoles may be difficult to distinguish. as 
they are transparent and full of water when the cell is 
turgid. Record your observations. 


Analyzing and Interpreting 


1. What movement did you notice inside the ceils in 
step 4? Explain what was causing the movement. 


2. State a relationship between the length of time taken to 
make the observation in step 4 and the amount of 
movement inside the cell. What variable is responsible 
for the relationship you have stated? 


3. How was the tonicity of the environment changed in 
step 5? 


4 What did you observe in steps 5 and 6? What happened 
to the cell? 


Forming Conclusions 


5. Based on your knowledge of cell structures and the 
mechanisms involved in transport, state which of the 
structures and mechanisms respond to an increase in 
the tonicity of the celf's surroundings. Support your 
Statement with evidence from the experiment. 


Applying and Connecting 


6. Use a water balloon as a model to explain what happens 
to the central vacuole as it gains and loses water. 
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Differences in 
the salt concentration of the 
environment affect structuses in 
plant celts 


(a) in a hypertonic 4,0 leaves cell (b) in a hypotorec HO enters call 
environment, plact celis anvironment, water enters Dy 

become plasmolysed and the osmosis and the cells become 

plant appears wilted. Light turgid, Light micrograph 

micrograph (approx. x 700) (approx. x 700) 


The Effect of Tonicity on Plant Cells 


Changes in tho tonicity of the environment have an effect on osmosis and on 
the arrangement of structures in plant cells. You will be able to observe these 
effects if you place some plant cells, for instance, an Elodea leaf, in à concen- 
trated salt solution. The higher solute concentration on the outside of the cell 
causes water to pass by osmosis from the coll into the surroundings. The 
effect on the cell is called plasmolysis. The water contained inside the 
vacuole leaves the vacuole and the cell, with the result that the vacuole 
appears shrunken. Imagine the appearance of a water balloon if you slowly 
let out the water. As the vacuole shrinks, the cell contents begin to pull away 
from the cell wall. The cell membrane may become visible because it is no 
longer pushed up against the cell wall. The rosult of plasmolysis of the cells 
is a leaf that is wilted or limp, because it is no longer being held out by the 
pressure of fluid against the walls of each individual cell. 

If the leaf is returned to fresh water, the water will re-enter the cell by 
osmosis, with the result that the vacuole swells, and the internal pressure 
increases until the vacuole cannot increase in size. At this point, the cell is 
said to be turgid. Water can continue to pass in and out of the vacuole but 
there is no net increase in volume. Turgidity is important to plants because 
the pressure in all of the cells combines to hold the green parts of the plant 
up to the sunlight. This allows the chloroplasts to trap light energy. 
Maintaining turgidity or pressure within cells allows the plant to hold itself 
up. For this reason, it is beneficial for plant cells to be in a hypotonic 
environment, Figure C3.21 shows the effects of hypertonic and hypotonic 
environments on plant cells. 


From Source to Sink: Sugar Transport in Plants 


If you were to remove a ring of phloem tissue from the stem of a plant, the 
plant would die because the cells would not be receiving the products of 
photosynthesis where they are needed. If phloem cells are killed. through 
dehydration or excessive heat for instance, the movement of sugars stops. 
The mechanism of phloem transport is a critical process for multicellular 
plants. It takes the products of photosynthesis from the place where they are 
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manufactured, the leaves, also called the source, to the places where they 
will be used or stored, called the sink. 

Recall the structure of the phloem tissue discussed on page 300. Sieve 
tube cells are cylindrical cells that lack nuclei and have perforated sides and 
end walls that allow the cytoplasm to stream between cells. These sieve tube 
cells depend on the companion cells for many functions, including the 
movement of sugars into and out of the sieve tube cells. 

At the leaf, that is, the source, the phloem becomes loaded as companion 
colls use carrier proteins and active transport to take in sugar molecules from 
the sites of photosynthesis. Water then moves into the cells by osmosis. In 
turn, the water moves into the sieve cells. The increased water pressure 
inside tho sieve cells pushes the water and sugars through the phloem to the 
rest of the plant. Imagine increasing the pressure inside a hose. As the pres- 
sure builds, the water is forced through the hose until it finds a place to 
escapo. In the case of phloem transport, the end is a sink, which may be a 
root, a tuber, or another part of the plant such as a fruit. This description of 
moving materials through the phloem is called the pressure-flow theory. 

Sugars are actively transported across cell membranes from the sieve 
tube cells into adjacent cells, The sugar molecules may be used in growth. 
respiration, or other life processes, for example, at the growing tips (meri- 
stems). Sugars may also be stored in the roots. stems, or leaves. As the sugars 
leave the sieve tube cells, water also moves out into surrounding cells. The 
water may increase the turgidity of the surrounding cells, or leave the plant 
through transpiration, or move into the xylem tissue for transport through the 
plant. As the water pressure in the sieve tube is decreased at the sink, more 
water and sugar is pushed into those cells from the cells above, The pressure 
differences produced by active transport and osmosis maintain a constant 
flow of food down the sieve tube, as shown in Figure C3.22. 
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SEARCH 


The companion cells are 
thought to support the 
living sieve tube cells. Find 
out how the interaction of 

1 these cells makes phloem 
transport possible. Begin 
your search at 

> www pesrscned cat 
school/science YO 


Movement ot 
, and water through the phloem 
and ryen. Arrows show Ihe 
direction of movement. 


Activity C18 


Design a Lab 


Environmental Conditions and Water 


Movement 


Environmental conditions that cause an increased rate of 
water loss from the plant wil have an impact oa the move- 
mert of water 


The Question 
How do environmental conditions affect the movement of 
water in plants? 


Design and Conduct Your 
Investigation 


@ Make a Est of variables that you think may affect the 
amount ct water lost trom the plant and therefore the 
moverent of water in the plant. 


© For each variable on your list, write a hypothesis to 


predict how changing that vanabie will affect movement 
of water in the plant. 


Check and Reflect 


Knowledge 


1. What are the properties of water that aid in 
water transport in plants? 

2. Explain how the vacuoles of a plant cell are 
affected when the cell is placed in a 
hypertonic solution and in a hypotonic 
solution. 

3. Water loss could be a danger to the survival 
of the plant. Explain the control mechanisms 
the plant uses to reduce water loss. 

4. What are the two types of plant vascular 
tissues? What is tbe function of each? 

5. Suggost a role for turgidity in photosynthesis. 
6. Refer to the Minds-On Activity on page 317. 
Explain why only certain of the cells were 

dyed by the food colouring. 
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O Choose one of the variables on your Ist. Plan and write 
the procedure for an investigation to test your bypoth- 
esis. Outline the steps of your investigation, including 
Safety precautions, and identify the variables that you 
will controt and those that n be maripulated. 

© Ust a the materias and equipment you will need to 
carry out your investigation. 

© Submit your tad design to your teacher. Once your 
teacher has approved your design, perform the 
investigation. " 

O Analyze your reseits. Do your data support your 
hypothesis? 

O Compare your experimental design with the designs 
and procedsres used by your classmates. How might 
you adapt or improve upon your design? 

© wentey any new questions that arose from your experi- 
ment and that you would lke to explore. 


7. Describe the processes involved in the 
movement of water from the roots to the 
leaves. 


8. Explain how sugars from photosynthesis are 
transported from the leaves to other parts of a 
plant. 


Application 
9. Create a concept map showing the 

relationships between the following 
structures and processes involved in the 
transport of materials and ges exchange in 
plants: roots, root hairs, root epidermis, 
xylem, phloem, stomata, ground tissue, 
transpiration. 


C 3.5 Control Systems 


Animals have both instinctive and learned behaviours that allow them to 
respond to internal and external stimuli. If vou touch something hot, you 
pull your hand away. In the presence of a loud noise. you cover your ears. 
You and other animals respond to changes in your environment as well as to 
signs from your body. When vou react to these signals in some wav, vou are 
responding to the stimuli. The way in which you react is based on tbe type 
and direction of the stimulus. If you are hungry and you smell pizza, you will 
most likely follow your nose to the food. 

Plants are not as obviously responsive as animals but they do have defi- 
nite respoases to specific stimuli. Think about the needs of a plant and the 
changes in a plant's surroundings that would require it to respond. The plant 
needs to be able to carry out photosyntbesis and tberefore requires water 
carbon dioxide, and light. Plants grow toward the light. This growth move- 
ment is a response of the plant to the stimulus of light and is called 
phototropism. "Photo" means light and “tropism” refers to the movement of 
the plant in response to the stimulus. Stems exhibit positive phototropism. 
meaning that they grow toward light. Roots show a week negative photo- 
tropism because they grow away from the light 

You may be less aware of another external stimulus to which growing 
plants respond. Observe the photo in Figure C3.23 showing a germinating 
bean seed. You will notice that growth is occurring in two directions. The 
shoot system is growing up toward the light, and the root system is growing 
down away from the light. There is another factor at play—ravity. Plants 
respond to Earth s gravitational force through growth movement as well. This 
is called gravitropism. Stems grow against the gravitational force and so 
show negative zravitropism while roots grow toward the gravitational force 
and so show positive gravitropism. An older term for gravitropism is 
geotropism. The responses to these factors are summarized in Table C3.1 
below. 
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Ptant Part Stimulzs Trepism 
] stem ige ] postne pnototropsm _| 
| root i igt weak negative phototropism 
stem gravity negatne grantropism | 
root | gravity positive grzatropsm i 


Tbe observed growth responses to light and gravity are most probehly 
dus to the plant's attempt to meet its needs. Roots growing away from the 
light and in the same direction as gravity are more likely to find soil, water, 
and minerals. Stems growing toward the light and against gravity will receive 
the energy required by the chloroplasts in their leaves for the photosynthesis 
reaction. Tropisms are important control systems to ensure survival of the 


plant 
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location will show 


jme, a houseplant kept 


signs of growing toward the 


ight. To avoid having the 
piant grow ertrely in one 


direction, it is necessary to 
move the plant occasionally, 
ether to 3 new location or 


simply to rotate it. 
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Activity C19 


Inguiry Lab 


Investigating Gravitropism and 
Phototropism 


The Questions 

1. What evidence is there to indicate that roots respond to 
gravity? 

2 . 


1. Read Procedure Part 1 and propose a method to deter- 
mine that gravity, and not some other variable, is 
responsibie for the growth of roots downward 

2. Based on your observations. propose the location in the 
plant where the phototropic response is initiated. 


Part 1 
Procedure 
O Imagine the Petri dish as the tace of a clock. Mark four 


positions on the underside of the Petri dish at 12:00, 
3:00, 6:00, and 3:00 positions. 


324 — eitt: Crciing of Matter in Living Systems. 


Gish, narrow side facing into the centre of the dish. Try 
to keep the seeds positioned this wey throughout the 
set-up. See Figure C324. 

© Pace a wet paper towel on top of the seeds. 

O cotton batting on top of the paper towel so that 
when you place the &d oa the Petri dist the seed and 
paper towel do not move. 

© Cose the fid on the Petri dish and seal the dish with 
tate 

‘© Wih the seeds facing cut tape the dish to the inside 


of a closet or cupboard door Sut will be in complete 
Garkness. 


O Lene me Petri dish untouched for several days in the 
dark. 


O Observe the germination of the seeds and record your 
observations. 


GETI Pamen ot cor seess tor seps 2-5 


Analyzing and Interpreting 


1. Draw a diagram tó show the com seed germination. 
Label what you believe to be the shoot and the root 


Forming Conclusions 


2. Make a statement relating the germination response of 
The seed to gravity. Include an explanation of how you 
can be sure that what you observed is not a phototropic 
response. 


Part2 
Procedure 


@ Fit de planting tray wim potting soil. Scatter oat seeds 
into the tray and cover them lightly wih sol. 


© Keep the tray in a locaton so that only one side of the 
tray is facing the light source. 


O Keep watering the oats lightly and allow the cats to 
grow 2-3 cm above the soil 


O Transplant approximately one-third of the oat seedlings 
10 2 deeper pot and cover them with soil, exposing only 
ther tips. 


O Keep the deeper pat of covered seediings in the origral 
setting relative to the light source 

O Cover the tips of another third of the cat seedings in the 
tray with aluminium fo. Make sure Tul only the tps 
are covered, not any of the parts below the tips. Leave. 
these in the tray in Rs original setting 


@ Aiow the remaining third of the seedings to remain 
untouched in the tray in its original seting. 

© Allow the seedings to grow for several days, wateneg 
them and making observations caly. 


O Caretulty observe the growth of the oat seedings in he 
three conditions and record your observations. 


Analyzing and Interpreting 
1. Draw a diagram of your observations. 


2. Use a chart similar to the one below to record your 
explanations of the observations. Remember to give 


3. Where is phototropic response initiated in the 
seedings? 


Extending 


4. This activity is similar to one that Charles and Francs 
Darwin conducted. They concluded that the phototropic 
Stimulus was detected by the tip of the plant, but that 
the actual growth response of bending was camed out 
at another location. Do your data support their concis- 
Son? Explain. 


SEARCH 


Find out about the 
experiments conducted in 
Space to test the effects of 
phototropism and 
gravitropism. Begin your 
search at 


waw c 
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Investigations of Phototropism 


Positive phototropism is easy to observe but more difficult to explain. The 
series of investigations that revealed the mechanism of phototropism are 
classic examples of scientific inquiry, in which observations lead to ques- 
tions and questions lead to controlled experiments. The scientists who 
formulated the questions and conducted the experiments were: 


© Charles Darwin and his son Francis, who asked in 1880: Which part 
of the plant detects and responds to the phototropic stimulus? 

peter Boysen-Jensen, who asked in 1913: What is the signal that initi- 
ates the phototropic response? 

„F. W. Went, who asked in 1926: What is the specific substance 
responsible for initiating the phototropic response? 


All these scientists focussed their experiments on a particular part of the 
shoot system in the developing seedling of the oat plant. Avena sativa, and 
various other grasses, The outer sheath of an oat or grass seedling covers the 
developing leaves. The shoot grows as a result of the lenethenine of the cells 
of this outer sheath, Once the shoot reaches 4-6 cm, the sheath stops growing 
and the enclosed stem and leaves split through and continue growing. If light 
comes from one direction only, the seedlings will show phototropism by 
bending of the sheath toward the light source. The Darwins, Boysen-Jensen, 
and Went conducted their experiments during the growth period when the 
outer sheath lengthens rapidly. 

The experiment that you performed in Part 2 of Activity C19, in which 
you used oat seedlings under different conditions of growth, was very similar 
to the one performed by Charles and Francis Darwin. Figure C3.25 shows 
their results. They found that the seedlings with the tips covered did not 
respond to light. and so they were able to conclude that the tip of the stem 
was the area responsible for the detection of the light stimulus, but it was not 
the place where the response was carried out. The plants with everything 
except the tips buried still showed a growth response toward the light. The 
Darwins inferred that the cells of the tip were somehow communicating with 
the cells in the area of the bending. Charles Darwin documented their find- 
ings in his publication, The Power of Movement in Plants. 

By 1913, Peter Boysen-Jensen, a Dutch plant physiologist, was trying to 
determine how the tip was communicating with the area of elongation. The 
area of elongation wes lower on the leaf and facing away from the light 
source. It was called the area of elongation because the phototropic response 
was created by the elongation of cells on the side of the leaf facing away from 
the light, causing the leaf to bend toward the light as demonstrated in 
Figure C3.26. 

Boysen-Jensen snipped off the tip of the grass seedlings, covered the 
stump with gelatin, and replaced the tip. Phototropism continued normally. 
The gelatin had not interfered with the plant's detection of the stimulus, nor 
with the growth response. He then tried the same procedure using a thin slice 
of the mineral mica instead of the gelatin. Phototropism was not observed in 
this experiment. 


lip covered 
bending in tip removed by aqe lip covered by base covered 
contrat N UP y transparent cap Oy opaque 
Á shield 


CAGI Saes to the Darwin’ experiment on phototropesn 


Boysen-Jensen concluded that whatever was responsible for communi- 
cating stimulus information from the tip to the area of elongation was able to 
diffuse through the gelatin, but not through the mica. He suggested that the 
growth response could only be accomplished as a result of a chemical 
moving from the tip to the area of elongation. 

In 1926, a graduate student in Holland, F. W. Went, was able to isolate 
this chemical substance. It was later given the name auxin. Since then, 
analysis of the chemical substance has indicated that the auxin is a hormone, 
a chemical compound that is manufactured in one area and transported to 
another location where. in low concentrations, it has the ability to initiate a 
physiological response—in this case, cell elongation. Other plant hormonos 
have been isolated since Went's discovery and are used in horticulture. 


The Mechanism of Gravitropism 


How does a root know to grow toward the gravitational force? If a plant gets 
knocked over, how do the roots know which way is down? Scientists believe 
that plants rely on heavy starch particles in specialized cells as indicators of 
gravity. Ifa plant is tipped, the starch grains shift and settle in a new location 
due to gravity. Think of a jar partially filled with jellybeans. As long as the jar 
is standing upright. the jellybeans are at the bottom. What happens if the jar 
is knocked over? The jellybeans shift and settle on the new bottom. When the 
starch grains do this in the root cells, it is thought that the movement is 
detectod by the plant, and a growth response results. This hypothesis 
received considerable support from microgravity studies in space shuttle 
experiments. 


The effact of 
changes in celis ia me area of 
elongation on the bending of the 
plant toward the light 
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SEARCH 


Using the data from 
PlaetWatch and any 
additional information you 
can find on a plant of your 
choice, compile and 
organize data on flewering 
time. Analyze the data 
based on variables that 
might influence flowering 
time. Begin your search at 


www pearsoned cay 


schoolscience 


Other Control Mechanisms 


Other tropic responses apart from phototropism and gravitropism have been 
identified in plants. The tendrils of a pea plant that come in contact with a 
chain-link fence will attach to it and so receive support as the plant grows 
upward. This is a response to touch. Plants also respond to temperature, 
chemicals, and water. 

To reproduce, the plant must flower and produce seeds, The flowering of 
plants at particular times of the vear is often in response to the length of 
darkness the plant is exposed to. This is another control mechanism. Some 
plants require long nights (more than 12 hours of darkness) to produce 
flowers. Examples include chrysanthemums, poinsettias, and Christmas 
cactus. Other plants require more than 12 hours of light to flower. These 
include coneflowers, lettuce, spinach, and potatoes. Some plants will flower 
regardless of the length of dark and light periods, if they have all of their 
other needs met. These plants include tomatoes, strawberries, and corn. 

Some scientists believe that climate change is affecting the blooming of 
plant species. By tracking bloom times in different locales over many years, it 
may be possible to determine if there are links between climate changes and 
plant responses. The Alberta Wildflower Survey was started in 1987 and has 
expanded to become PlantWatch, organized through the University of 
Alberta Devonian Botanic Gardens. The program. coordinated by University 
of Alberta research scientist Elizabeth Beaubien, includes amateur scientists 
in the work of tracking bloom times of common plants. To participate. you 
must adhere to recording and reporting protocols established by the program. 
Such protocols are important to the process of scientific inquiry because they 
set the rules of the study and ensure accurate data collection. 


Check and Reflect 


Knowledge Extensions 
1. Define tropism in your own words. 8. Plant physiologists are able to produce 
2. Explain whet is meant by the terms “positive synthetic plant hormones. Suggest possible 
pho ism” and “negative pravitropisa.> purposes for these chemical compounds. Use 


print or electronic media to research your 


3. What are the benefits of phototropism and 
gravitropism for plants? 

4. Explain the results of Charles and Francis 
Darwin's work. How did their observations 
further the study of plant physiology? 

5. Describe how the work of Boysen-Jenson is 
an example of scientific inquiry, 


Applications 
6. Explain the statement: Tropisms are the 
plant's control mechanisms. 
7. Why was it important in your experiment 
with the corn seeds to ensure that the seeds 
were not exposed to light? 
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answer. 
9. Creato a list of plants with different light 


requirements for flowering that grow in your 
area. 


19. Imagine that you are making the rules or 


protocol for data collection and reporting for 
PlantWatch. Create a format for the 
compilation of data that will be useful in 
determining whether bloom dates are 
changing over time for particular species of 
plants found in Alberta. Compare and 
discuss your format with a classmate. After 
your discussion, is there anything vou would 
change to improve the data collection? 


Dr. Olga Kovalchuk 


Dr. Olga Kovalchuk— 
Biotechnology Research Scientist 


Plants are not able to move away from conditions that threaten their 
survival. A single plant cannot adapt to changes in its environment, but 
over time, a species can adapt to survive. Dr. Olga Kovalchuk studies 
genetic adaptation of plants to environmental stress. Her research at the 
University of Lethbridge focusses on environmental pollutants such as 
ionizing and UV-B radiation, heavy metals, and toxic chemicals, and their 
potentially damaging effect on DNA. 

Dr. Kovalchuk has an M.D. degree and received her Ph.D. from the 
Ukrainian Genetics and Hygiene Research Centre in Kiev. Her Ph.D. 
research involved development and testing of plant-based systems to 
monitor genetic effects of radioactive contamination. These systems were 
later called "biological Geiger counters" because they were able to provide 
information on the levels and effects of radiation. With researchers at the 
Chernobyl Research Centre, Dr. Kovalchuk showed that certain communi- 
ties of plant species are adapted for survival in radioactively contaminated 
soil. One of her long-term goals is to find the molecular mechanisms that 
allow these plants to adapt and survive. 

Combining her interests in genetics and medicine, Dr. Kovalchuk is 
conducting tho first-ever detailed study to compare cellular responses to 
varying and sustained doses of radiation and is involved in research to 
find new approaches to the use of radiation therapy in the treatment of 
cancer. In her investigations, she works in collaboration with other scien- 
tists. She shares her passion for science with her husband, Dr. Igor 
Kovalchuk, whose research focusses on how a plant responds to attack 
from bacteria or viruses. World centres of biotechnology and cancer 
research are interested in their collaborative research at the University of 
Lethbridge. 

Dr. Kovalchuk’s message to students is, “The more you know, the more 
doors will be opened to you in your life. Currently, there are exciting 
opportunities for young scientists in all areas of research. Get involved and 
you may contribute to developing hardier crops, foeding the poor, fighting 
climate change, or finding a cure for cancer. This is very challenging and 
satisfying work. By encouraging young people to become involved in 
research, we will ensure Canadian leadership in many scientific fields. 
Let's be the first!" 

1. Why is the ability to work on a team important for a research 
scientist? 


2. What part of Dr. Kovalchuk's research is most interesting to you? 
What else would you like to know? 


3. Identify a question. problem, or issue related to plants. that you 
would like to research. 
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Knowledge 


10. 


11. 


12. 


13. 


14. 


15. 


. What are the benefits to an organism of being 


multicellular? 


. Describe the difference between cells, tissues, 


and organs. Give examples of each. 


Name the two main plant systems. How do they 
differ? 


. Define the following terms: 


a) dermal tissue 
b) ground tissue 
c) vascular tissue 


d) xylem tissue 
€) phloem tissue 


. What are the roles of the cuticle in plants? 


. Compare cells in the meristems to cells in other 


areas of the plant. 


. Write a short paragraph to describe the 


characteristics. location, and function of 
chloroplasts. 


. Write the word and chemical equations for 


photosynthesis. 


. What evidence is there for cytoplasmic 


streaming? Is this direct or indirect evidence? 
Explain. 

Apart from photosynthesis, what other sequence 
of reactions occurs in plants to produce a gas? 
Draw a cross section of a leaf showing spongy 
mesophyll and palisade tissues. 

What is the difference between cohesion and 


adhesion? Explain how each process is involved 
in the transport of water in a plant. 

The flowering of certain plants may be affected 
by the length of daylight that they are exposed 
to. Identify the three categories of daylight 
requirements that plants divide into, and give an 
example of the type of plant that belongs to each 
category. 

Briefly describe changes that occur in cells 
during the formation of xvlem vessels. 


What are the functions of sieve tube cells and 
companion cells in phloem? 
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Applications 


16. Consider the similarities and differences 
between plant and animal cells. Why are 
animals not able to manufacture their own food? 


17. Compare and contrast the processes of 
photosynthesis and cellular respiration. Include 
reactants, products, and energy requirements. 


18. Plant cells respond to a change.in tonicity with 
increased or decreased turgor pressure. In the 
absence of a cell wall, predict what would 
happen to a blood cell placed in a hypotonic 
solution. ` 


19. Using diagrams, describe how guard cells use 
turgor pressure to regulate the exchange of gases 
into and out of the leaf. 


20. What important physiological role is played by 
air spaces located in the spongy mesophyll? 


21. Using the terms cohesion, adhesion. pressure 
difference, and transpiration pull, explain the 
movement of water from the roots to the leaves. 


22. What would happen to the growth of a shoot if a 
strong light source were placed below the plant? 
Explain your prediction. 

23. Would you expect significant water movement 
to the leaves during the night? Explain your 
answer. 


24. Discuss the transport of sugars, including the 
loading of phloem at the source. Include the role 
played by active transport. 

25. Describe how the dermal tissue regulates gas 
exchange. How does it regulate the movement of 
water into and out of the plant? How are these 
two processes opposed to one another? 


Extensions 


26. Design an experiment to test whether 
phototropism or gravitropism has a greator effect 
on the growth of a plant. 

27. If you were to attempt to improve on the 
experiments of the Darwins, Boysen-Jensen, and 
Went. what changes would you propose? 


Help Wanted 


Background Information 

The application of engineering principles to cellular and molec- 
wlar research is a rapidly growing field, Scientific and 
technological advances have given us an increased ability to 
understand how the cell works, opening the door to new treat- 
ments at the tissue. organ. and whole-body levels. People who 
have strong engineering skills and a background in biochemistry 
and cell biology have an opportunity to influence the future 
development of health care as well as industrial applications. 
Developing the right knowledge and skill sets begins with an 
interest in cutting-edge research and a desire to be part ot a team 
that has the ability to shape the future. 


Scenario 


Biomedical Engineer required for new research 
facility. The successful candidate will have 
completed a degree in cellular and molacular 
biology and have an appreciation of 
engineering applications of transport systems 


in celis. This position requires teamwork, 
collaboration, and exceptional abilities in 
ub ed * 
be prepared to identify and explain a specific 
area of research related to the application of 
elular transport in medicine or industry. 


Research the Issue 

Research current applications of celular transport in industry or 
medicine in preparation for your job interview. Refer to the 
following guidelines to help you get started: 


1. identify an area of research to focus on. Will you choose an 
example from medicine or industry? Perhaps it is an area of 
particular interest to you because it has a direct impact on 
you, a friend, or è family member. 


2. Use the Internet to locate current information on your area 
ot study. 


2. Try to connect with scientists, researchers, or practitioners 
in the field. Professional! organizations and research 
facilities may be able to help. Check with your teacher for 
appropriate ways to contact scientists through Web sites or 
organizations in your area. 

4. Find out if any of this research is being done in Canada, and 
specifically in Alberta. Who are the people involved and 
what can you find out about them? 


5. What educational programs are available that wosld prepare 
you for a career in the field of your choice? 


Analyze the Issue 


6. Prepare a presentation for your job interview that will 
impress upon the interviewers your knowledge and interest 
in the area of research you have chosen. Include a 
discussion ot. 4 

© why you chose the particular area of research 
* what you have found out concerning new, cutting-edge - 
advances j 
* who is involved in the research and where they are 
located P 
* how this application of cellular transport could be 
adapted for practical use in medicine or industry ^] 

Address the Issue 

7. Present your findings to the interview committee (your 
teacher and classmates). You may support your 


presentation with a short report, diagrams, posters, or 
electronic media. ag 


Case Study 381 


The Impact of Environmental Factors on Plant 


Function 


The short- and long-term effects of climate change on leg 
organisms are subjects of certain areas of environmental 
research. Some plants and animals are considered to be 
bioisdicaters. because they respond quickly to environmental 
change in clearly defined ways. Plants. as primary producers in 
the food chain. have an important role in demonstrating the 
effects of cfimate change. 

The ability of a plant to produce glucose depends on the 
number and activity of the chioroplasts present in its cells. 
Chioroplasts are the sites where photosynthesis occurs. 
Chemical energy. stored in the glucose produced through 
photosynthesis, is then used or stored by the plant. Animals that 
eat the plants are able to use this stored chemical energy in their 
Own metabolic activities. For the production of glucose, cells 
require water and carbon dioxide in the presence of bort energy. 
Are plant celis able to respond to their environments when the 
levels of carbon dioxide Suctuate? 


Criteria for Success 


As 2 research scientist you are asked to write 2 proposal to 
investigate whether plant celis are able to respond to their envi- 
ronments when the level of carbon dioxide fluctuates. Not ail 
research proposals are accepted for funding and support. You 
must meet several criteria for approval of the proposal. 

* Design an experiment to determine how the number of 
chioroplasts found m leaves of Elodea canadenss changes. 
with exposure 10 déterert levels cf carbon dioxide in the 
water 

© Use the knowledge anc skills you have developed to 
consider how to montor the levels ct carbon dioxide in your 
experiment, and how to determine the number of chioro- 
plasts present in the celis at the various carbon dioxide 
concentrations. 

* Consider your hypothesis. the variables involved 
(controled. manipulated, and responding), the procedure. 
and appropriate forms of data collection. 

* Ensure that your proposal has all the elements necessary 
for a sciensfic mvestigation and can be efficiently and eftec- 
tively carried out to provide quantitative data. 


Procedure 


© Sure your question and hypothesis. Based on these. review 
what you learned in this unit that will help you to answer the 


Question and test your hypothesis. identify the variables 
involved and ways to contro! major factors in the expermert. 
Design an experimental procedure to tes! your hypothesis. 
involve at least two other people (classmates. teacher, friends, 
tarnily) n a peer review to provide you with feedback on your 
procedure. You may wish to try your procedure # time and 
materiis alow. 


O Determine the best format for presenting your research 
proposai—PowerPoint presentation, written report, oral 
presentation. poster, etc. identify ways to present your key 
points that will encourage the approving body, made up of 
yoor teacher and/or classmates, to accept your proposal. 
Develop your proposal 

© Consider how your results will address concerns about the 
impact of environmental conditions on plants, specifically 
the effect of carbon diqude concentraton. You may want to 
do some research to support your thinking. Address this 
matter of environmental impact in your proposal. 


Analysis 

Your research proposal will be assessed on probiem-solving 

technique and communication skil using the rubric supplied by 

your teacher 

1. Review the rubric and the criteria for success. Assess your 
proposal and look tor modifications to improve it. 

2. Use the rubric for peer review prior to submitting the 
proposal for approval. 

3. Consider other variables that may affect the aumber of 
Chioropiasts present in Elades leaves and may need to de 
controlled in your experiment. List these factors and 
Suggest alternative experimental designs to address these 
factors. 

4. Consider whether these other factors will affect your 
Giscussion of concerns about environmental conditions, 
Climate change. and their effect on plants. 


Reporting 
5. Present your work in your chosen format. 
6. Winte a one-page summary report. 
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GD os corrent understanding ot the cell is due in 
part to developments in imaging technology. 


Key Concepts 


© mm»croscopy and Te emergence oí cell theory 


Learnings 

* From the time of Aristote, people have been intrigued by 
the structure of ining things. Van Leeuwenhoek, Hans and 
Zacharias Janssen, and Robert Hooke contributed to he 
understanding of structure through the development and 
use of microscopes. 

© |t i$ possible to estrnate the size of any object viewed 
under a compound light microscope 

* Over tme, scientists tied 10 support or disprove the theary of 
Spontaneous generason Louis Pasteur concluded that new 
organisms dd nct arise torn spontaneous generation 

© The cei theory was developed after the discovery of he 
nucleus by Robert Brown and through the cominbutions of 
Schieiden, Schwann, and Virchow. 

e Various imaging technologies and staring techniques 
were invented to identity the parts and functions of the cell 
more cieanry These include contrast and resolution 
enhancement, fluorescence microscopy. confocal tech- 
nology. and electron microscopy. 

© Many types of cel research at the molecular level are now 
possible. These include gene mapping. studies of trans- 
port across cell membranes, the three-dimensional 
Structure of molecules. and investgations using green 
fluorescent protein (GFP) technology 


CED Loing systems are dependent upon the 
functioning of cell structures and organelles. 


Key Concepts 

e cellular structures and functions, and technologica! 
applications of semi-permeabie membranes 

© active and passive transport of matter 

* retationship between cell size and shape. and surface 
area to volume ratio 

© use o! explanatory and visual models in science 


Learnings 

© The cell operates as a functioning open system Mal uses 
processes involved in the acquisition of nutnents. excre- 
ton of wastes, and exchange of mater and energy 

© Plant and animal celis contain organefes wih character- 
istic chemical structures and functons. 

eThe fiuid-mosa: model suggests wat the plasma 
membrane consists of a phospholipd bilayer with surface 
and transmembrane proteins suspended in t 

e The particle model of matier is useful to explain the role of 
the cell membrane in the transport of es 


* Models and representations are useful to 
iustae Me processes of Guson 


exocytoss, and 


explain and 
endo- anc 
n passive 


osmos 

E tole of Ihe Cet memb 
and active transport Some im tant concepts are 
concentration gradients. equilibrium. and the action of 
protean carrier molecules. 

© Tonicity can be explained in terms of the concentration of 
solute. wih dflerert Concentrations being described as 
hypotone. hypertonic. and Sotone to each ofer 

* Knowledge about sem-permeable membranes, difision. 
and osmosis has been applied in industry and medicine 
in ways Such as pharmaceutical research, synthetic 
mertrane technology. peritoneal dialysis, and reverse 
osmosis 

© The ratio of surtace area to volume is important to cef size 
and shape and may imt celi size 


GD Plants are malticeliviar organisms with 
specialized structures. 


Key Concepts 

use of explanatory and visual models in science 

* celi specalizaton in a mulsiceliular organism (plants) 

© mechanisms of transport, gas exchange. and environ 
mental response m a matticetular organism (plants) 


Learnings 

e Mutcellularty has advantages and d'sadvantages 
increase m an organisms s72 may necessitate the move 
10 à multceliutar level of organization. This sizelorganza- 
ton relationship can be related to the specialization of 
plant celis. tissues, and organ systems 

© The swucture of plants r. = organ systems, the shoot 
system and root system: tissues, dermal, ground. and 
vascular tissues; and celis specialized tor particular func- 
Sons as a resut of cell S 

© The leaf has specialized structures and functions. These 
include: chloroplasts. the sites of pholosynthesis, 
palisade cells. spongy mesophyll cells. and vascular 
tissue, which consists of phicem and xylem 

* Gas exchange in plants in Me light and the dark involves 
the action of guard calls and stomata. lesicels, and he 
process of diffusion through intercellutar spaces 

© Water transport in plants can be explained in terms of 
cohesive and adhesive properties of water, rot pressure 
in root hairs, and de process of ranspirasion Trough the 
xylem. important concepts include turgor pressure and 
osmosis. diffusion. and tonicity 

e The pressure-fiow theory explains sugar transport in 
terms of moving sugars from the source of producton to 
the sink for use or Storage. 

© in plants, contro! systems and mechanisms include 
phototropism. gravitropism. and other types of tropisms. 
The understanding of these mecherssms is based on 
theones Developed by the Darwins, Boysen-Jensen, and 
Wert 

Unit Summary * 


Vocabulary 


1. Using vour own words. define the following 
terms: 


cellular respiration 
cohesion 

compound light microscope 
concentration gradient 
confocal laser scanning microscope 
control systems 

controlled experiment 
cytoplasmic streaming 
electron microscope 
fluid-mosaic model 

guard cells 

gravitropism 


2. Explain the differences between the 
microscopes used by Hooke and van 
Leeuwenhoek. 


3. What problems in the use of early compound 
light microscopes were associated with lens 


technology? How were these problems 


overcome? 
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4. In what way was Francesco Redi's investigation 
a controlled experiment? 


5. Outline the investigations conducted in the 
attempts both to prove and disprove the theory 
of spontaneous generation. 

6. What were the contributions to the cell theory 
made by each of the following? 

a) Robert Brown 

b) Matthias Schleiden E 
c) Theodor Schwann 

d) Rudolf Virchow 

7. Define resolving power. What factor limits the 
extent of resolving power in the light 
microscope? 

8. Explain the advantages and disadvantages of 
using an electron microscope. 

9. What are the advantages of conducting cell 
research at tbe molecular level? 

10. State one advantage and one disadvantage of 
treating cells with stains. 

11. Describe bow the use of fluorescence 
microscopy can increase our knowledge of cell 
structure. 


12. What is the unit of measurement most 
commonly used in measuring cells and their 
component parts? 


Ga» 

13. What is meant by an open svstem and why is a 
cell considered to be one? 

14. Consider the structures in a plant cell. Describe 
the function of the: 
a) nucleus 
b] central vacuole 
€) cell wall 


15. How is the rate of diffusion affected by the 
surface area to volume ratio of a cell? 


16. What cell structures are visible through a light 
microscope? 
17. Compare the terms “diffusion” and “osmosis.” 


18. What processes must cells use to be able to 
survive as living systems? 


19. Describe how the particle model is useful in 
understanding the movement of matter in living 
systems. 


20. Explain the term “concentration gradient" by 
referring to solutes, solvents, membranes, 
diffusion, and osmosis. 


21. Review the results of Activity C8. From these 
results, what inference can you make about the 
movement of iodine ions and starch across the 
membrane of the plastic bag? How do you 
account for this? 

22. What is a vesicle? How do cells use vesicles in 
transport? 

23. Explain how liposomes can transport both fat- 
soluble and water-soluble medications. 

24. Describe the process by which water is 
desalinated at the McMurdo Research Station in 
Antarctica. 

25. Use your textbook as a sample coll. Calculate the 
surface area, volume, and surface ares to volume 
ratio. Would your “book cell” be efficient in the 
transport of materials? Explain your answer. 


28. List the three main types of plant tissue and 
state their functions. 

29. Explain why light and chlorophyll are not 
considered to be reactants or products in the 


30. What is the meaning of turgor pressure? Why is 
it important to plant cells? 


31. Define transpiration. What effect does 
transpiration have on the movement of weter in 
a plant? 

32. Describe the component parts of a vascular 
bundle. 


33. Explein how root pressure moves water up a 
plant stem. 

34. How are xylem and phloem the same? How ate 
they different? Consider both structure and 
function in your answer. 

35. Which transport tissue in plants is composed of 
dead celis? Explain your answer. 

36. What is a tropism? Name two tropisms and 
describe how thev regulate plant growth. 


37. Describe a method for determining the presence 
of carbon dioxide in water. 


Applications 


38. Explain the importance of conducting controlled 
experiments. maintaining detailed records of 


aspects of the scientific process using your 
experience of the lab work from this unit. 

39. If 16 protists fit across a low-power field of view 
having a field diameter of 4800 pm. what is the 
approximate size of each protist? 


41. Using the particle model and the fluid-mosaic 
model, explain what is known about the cell 
membrane and transport of materials. 


42. Draw a diagram showing the movement of water 
along a concentration gradient. 

43. Ha bowl of fresh strawberries is sprinkled with 
sugar, a few minutes later the berries will be 
covered with juice. Why? 

44. Explain the process of facilitated diffusion and 
give an example. 


45. Desert plants like cacti have prickly spines or 
needles, not large leaves. Chloroplasts are found 
in the cells of the stems. By contrast, rainforest 
plants tend to have large, flat leaves. Use what 
you knew about surface area and diffusion to 
explain what may have influenced the structure 
of each plant. 


46. Compare the surface area to volume ratio of 
various types of cells (i.e., nerve cells, blood 
celis, root bair cells) and relate your findings to 
the function of each cell typo. 


47. What is the advantage to the plant of 
cytoplasmic streaming that allows chloroplasts 
to move around in the cell? 


48. Describe the means plants have for maintaining 
firm cells, able to bold the plant upright in the 
absence of a skeleton. 


49. What is the advantage to the plant of having the 
palisade mesophyll cells arranged in a fence-like 
pattern? 

50. Describe the experiment(s) you performed to 
determine the effect of control mechanisms in 
plants. Include your observations and 
conclusions. 


51. Explain what happens during plasmolysis in 
plant cells and why it happens. Wbat are the 
consequences for the plant? How can this 
process be reversed? 


52. Explain the pressure-flow theory. According to 
this theory, what drives the movement of 
substances in the phloem? 

53. Plants act like animals at night! Do you agree or 
disagree with this statement? Explain your 
answer. 

54. Discuss the differences between wator transport 
and sugar transport in plants. 

55. Why is it important for cells in the stem, in 
particular, to be turgid? What control 


mechanism does a pea plant use to supplement 
the turgidity of the cells in its stems? 
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56. Explain how plants use specialized cells and 
processes to accomplish on a larger scale the 
same functions that a single cell carries out 
alone. 


57. How did the cell theory replace the concept of 
spontaneous generation and revolutionize the 
study of life sciences? 


58. Grade 8 students are just beginning to use the 
compound light microscope, Prepare a study 
sheet for them on the use, care, and handling of 
the instrument. Be sure to include the proper 
names of each of the parts. 


Extensions 


58. In terms of transport of materials, what problems 
might land-plants face that water-plants do not? 


60. Would transport in the phloem tissue or xylem 
tissue require more energy input? Explain your 
answer. 


61. How might hydroponics be used to determine 
whether or not a specific mineral is necessary 
for plant growth? 


62. In the face of rising concerns over climate 
how plants may be used as bioindicators of 
environmental conditions. 


63. Stomata are usually found on the undersurface 
of leaves. Suggest reasons for this relationship 
and conditions that could affect the position of 
the stomata, as well as their number. 


64. Bioethical issues are constantly in the news. 
Find a current article related to an issue in cell 
research. Identify and explain the two or more 
perspectives on the issue. Based on the 
information provided in the article, are you able 
to make an informed decision? What further 
information would you want to have? 


65. What do you think was the most significant 
breakthrough in the study of living cells? justify 
your choice by stating the implications of the 
breakthrough for future study. 


66. Most cells have specialized shapes and sizes to 
make them suited to their particular function. 
Some have long appendages, some are cubic or 
cylindrical, and blood cells have a donut shape. 
Very few are spherical in shape, the yeast cell 
being an exception. Propose an explanation for 
the fact that few cells are spherical. 

67. An exposed cut stem is left out of water for an 
extended period of time. Predict the effect on its 
ability to transport water. Justify vour reasoning. 


68. Design an experiment for the Canadian Space 
Agency to test the effects of gravitropism on 
germinating seeds under zero gravity conditions. 

69. How do the following big ideas from this unit 
relate to one another: development of the 
microscope, understanding of molecular 
transport processes (diffusion, osmosis, active 
and passive transport), functioning of 
multicellular organisms in transporting 
materials? Use a presentation form of your 
choice to describe and illustzate the ways in 
which these ideas are connected. 


70. Write the experimental procedure you would 
use to determine how a particular type of plant 
would react to various levels of fertilizer. 
Identify the controlled and manipulated 
variables in this investigation. 

71. Find out about one plant research project 
currently being conducted at the Crop 
Diversification Centre South in Brooks, Alberta 
or at the Crop Diversification Centre North in 
Edmonton, or at Olds College in Olds, Alberta. 
Write a short report on the project of your 
choice. 


Skills Practice 


72. Write instructions, in your own words, for 
making a wet mount slide. Give your 
instructions to a friend or family member who 
has never made a wet mount. Are they able to 
follow vour directions? 


73. What is the purpose of making a hypothesis? 
74. Using any five solid objects found in your 


classroom, complete the following table- 


75. Using instructions, mathematical formulas, and 
examples, explain the proper method for 
estimating the size of an object under low- and 
high-power magnification. 


Self Assessment 
76. In this unit, you have seen the relationship 


between increased scientific understanding and 
advancements in technology. How are science 
and technology dependent on one another? 
What role did societal values, needs, and wants 
have on the development of microscopy and 
knowledge of cell functioning? 


77. identify a possible career in each of the areas of 


plant study: gardening, horticulture, or 
agriculture. In a chart like the one below, 
identify what you would find to be interesting, 


challenging. or difficult about the job. 
Career Choice- 
Interesting Challenging Difficult 


Would you like to have a career related to the 
study of plants? Why or why not? 


78. Identify the topic in this unit that you found 


most interesting and explain why. 
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In this unit, you will cover the following ideas- 


Climate results from interactions among the components of the biosphere. 
B1.1 Earth—Ow Biosphere 
81.2 Climate 


Global systems traaster energy through the biosphere. 
82.1 Energy Relationships and the Biosphere 

82.2 Thermal Energy Transtar in the Abnosphere 

82.3 Therma! Energy Transfer in the Hydrosphere 

82.4 Earth's Biomes 

82.5 Analyzing Energy Flow in Global Systems 


CEE) changes in giobal energy transter could cause climate change, and impact 
human lite and the biosphere. 


83.1 Climate Change-Examining the Evidence 
83.2 intemationa! Colaboration on Climate Change 
83.3 Assessing the Impacts of Climate Change 


B 


B 


Focus on Social and Environmental Context 


solar en 


systems on Earth. With 


as we know it could not exist. You will inve and 


energy st and near E face results in a va f biomes with specific climates. 


Once you understa: ors that affect Earth's global energy systems, you will be 


able to assess the evidence ght scientists to conclude that human activity 


can c o climate change—a c ould potentially harm the environment and 


our eco - As you work throug he following q 


1. Are the 
climate, and biom 


relation s between solar energy "gy transfer processes. 


al systems transfer energy through the lithosphere, hydrosphere, and 


" 


. How do g 


atmosphere? 
3. What evidence suggests our climate may be changing more rapidly than living 
species can edapt? 


4. Is human activity causing climate change, and in meeting human needs, how can 


we reduce our impact on the biosphere and on global climate? 


At the and of the unit, you may be asked to do these tasks: 

Case Study Risky Solutions 
‘You will research the costs and benefits of an emerging technology zimed at reducing or 
reversing the impact of human activity on Earth's climate. You will then analyze your 
findings, and decide whether further research on this technology deserves funding. 


Project A Personal Pian for Reducing Carbon Dioxide Emissions 
Using information provided. you will devetop your own plan to reduce your and your family's 
carbon dioxide emissions by 2%. You will assess the economic and social costs of your 
plan on your family members, then report on your plan and its predicted outcome. 
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In August of 2000, visitors to the North Pole were 
greeted by open water, instead of the usual solid ice. 
The thinning of the ice peck at the pole was picked 
up by the world's media as another example of the 
consequences of climate change. In fact, thawing of 
the polar ice sheets has always occurred periodically. 
However, the media response to this one event 
underlined the limits of our knowledge about 
climate, climate change. and its consequences. 

We know that the average temperature on Earth's 
surface has increased over the last century. What is 
not vet clear is how quickly the climate is changing 
or its consequences. Climate change already appears 
to be causing significant consequences in some areas 
of Earth. For example. Inuit families in Canada's 
northern reaches are finding that their traditional 
igloo hunting shelters are no longer able to protect 
them from the cold. Warmer daytime temperatures 
are melting the snow of the igloos. which then 
refreezes to ice at night. Snow has better insulating 
properties than ice. so the refrozen igloos are much 
colder. In addition, meat from winter hunting is no 
longer staying frozen, but is thawing and rotting 
before it can be used. 

These and other changes taking place in the 
Arctic are examples of the potentially global conse- 
quences of climate change. Climate affects many 
aspects of daily life, so scientists and governments 
are working to understand more about climate 
change and its causes. You might be surprised to 
learn that Earth's climate has changed before. 
Learning more about the causes and consequences of 
past changes in climate can belp us to understand 
what is happening to our climate today, and also to 
predict its results. Scientists look for clues about 
Earth's past climate in many places. For example, 
one good source of information about past climatic 
conditions is the thick ice at Earth's polar regions. 
The ice in these areas has not melted for many thou- 
sands of vears. Scientists drill out core samples from 
the lowest parts of this ice to get a glimpse of the 
conditions that existed when the ice first formed, 
about 2.6 million years ago. Evidence from ice core 
samples suggests that the climate at the poles was 


much warmer in the past. Fossil evidence also supports this 
theory. For example, fossils of an extinct dinosaur, called a 
Champsosaur, have been found in the Arctic. The 
Champsosaur, a crocodile-like creature with a long nose and 
razor-sharp teeth. could survive only in regions with a warm 
climate, similar to that of present-day Florida 

Today, climate change may also be affected by human 
activities. To determine the extent to which we are affecting 
our climate. we need to understand the global systems that 
give Earth its climate in the first place, and the factors that 
can cause climate to change. This knowledge will help 
scientists to identify the causes of climate change today, 
and to predict its consequences. 


Activity 01 


QuickLab 


Climate and Tree Growth 


For every year of its growth, a tree produces a single ring of 
new wood in its trunk. The width of each growth ring is 
affected by the average temperature and mosture conditions 
Guring that year Since trees can live many years, tree rings 
Can be used to identity changes in the ce conditons of a 
region over long spans of time. in order to see the growth 
rings. scientists drill out core samples that extead from the 
centre of the tree (the pith) to the outer Sark. 


Purpose 


To deduce the changes that occurred in the local climate of an 
area from the growth rings in core samples 


Bl A group of scientats, including mendes of Aer 
Royal Tyres Museum of Paieostology. found fossis of 
Charpscsaur n Canada’s Asciic 


© Create a chart with the following column headings: 


Sample. Age, Wet and Cool, Dry and Hot. 


© Look at the drawings of core samples taken from four 


different trees growing in the same area. Determine the 
age ot each trae, and record it in your chart 


© When a year was cool and wet on average, the trees 


produced wider growth rings. When a year was hot and 
Gry on average, the trees produced narrower growth 
rings. For each of the core samples, deduce the time 
periods when each tree experienced cool and wet cond- 
tions and when each experienced hot and dry conditions. 
Record your deductions in your chart. 


Question 
Procedure 1. Why would a scientist studying climate change be imer- 


O Since trees produce new wood just below their bark. the 
growth ring beneath the bark was produced in the last 
year of growth. The figure below shows how to deter- 
mine the age of a tree from a core sample. Start counting 
from the bark inwards to the pith. The area between the 
lines in each core sample courts as one ring. or 1 year's 
growth, so this tree is 10 years old. 
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Key Concepts 
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Learning Outcomes 
When you have completed his section. you 
will be able to: 


* describe the major characterstics of the 
avosphere. Tw nyOresghere. anc me. 
eser and expian Mes relationshig 10 
Earths biosphere 

< explain how Climate impacts on the lives of 
deco ani OTE specs. ANS DPEN the 
need to ee climate change 
investigate how à species may be afecte 
by an increase 01 decrease in average 
temperature 
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Climate results from interactions 
among the components of the 
biosphere. 


rom October 1997 
to October 1998, 
the Canadian Coast 


Guard icebresker vessel 
Des Groseilliers drifted 
on the Arctic Ocean 
(Figure D1.1). Onboard, 
scientists and technicians 
from five different nations 
collected data on the 
Arctic’s climate, as part of 
an international research 
project called the Surface 
Heat Energy Budget of the 
Arctic Ocean. or SHEBA. 
Their research was part of 
the ongoing worldwide 
effort to better understand 
climate, and the causes and potential consequences of climate 
change. 

How is climate different from weather? Weather refers to the 
conditions of temperature, air pressure, cloud cover, precipitation 
(rain or snow), and humidity that occur at a particular place at a 
particular time. For example, today the weather in your area could be 
cold and sunny, but tomorrow the weather may be overcast and 
warmer. Climate is the average weather conditions that occur in a 
region over a long period of time, usually a minimum of 30 vears. To 
describe the climate of Alberta, for example. you might say that the 
average temperature in summer ranges from 14°C to 20°C and in 
winter from —24°C to —9°C, and the average annual precipitation is 
442 mm. 

Why is it important to know about climate? What role does 
climate play in our lives and the lives of the other organisms with 
which we share our planet? In this section, you will find out about 
the central role that climate plays in keeping planet Earth a place that 
can support life. You will also learn about some of the evidence 
scientists have found that indicates our climate is changing. and 
consider some of the consequences climate chango may have. 
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I.] Earth—our Biosphere 


Earth appears to be unique in our solar system in that it is the only 
planet that supports many different living things. The biosphere is a 
relatively thin layer of Earth that has conditions suitable for supporting 
life as we know it. The biosphere is composed of all the living things 
on Earth and the physical environment that supports them. 

The biosphere is made up of three interacting components: the 
atmosphere, the lithosphere, and the hydrosphere (Figure D1.2). The 
atmosphere is the layer of gases that surround Earth. The lithosphere is 
the solid portion of Earth, composed of rocks, minerals, and elements. 
The hydrosphere is all the water on Earth, whether it is present as 
liquid, water vapour, or ice. Living things are found in parts of all three 
components of the biosphere, wherever environmental conditions exist that 
can support life. These environmental conditions are in part created by the 
interactions between these components and incoming energy from tbe Sun, 
and between the components themselves, which vou will study in this unit. 
These interactions create Earth's climate, which helps to maintain an 
environment that supports life. 


The Atmosphere 


The atmosphere rises over 500 km from the surface of Earth. and is mainly 
composed of a mixture of different gases (Table D1.1) that is commonly 


| FIGURE 01.2 | GURE oi: 
composed of af living things os 
tact: anii fe physical emerorert 
tha supports 2em 


referred to as air. Figure D1.3 is a graph of the relative composition of the F Earth had a radius of 
main gases in the atmosphere. Water vapour is also a gas found in the atmos- 120 cm, then the 
phere, but in extremely variable levels. In this textbook. water vapour is atmosphere would only be 
considered to be part of the hydrosphere, and so is not included in Table D1.1 about the thickness of a fine 
or Figure D1.3. The atmosphere also contains varying amounts of suspended ann. 
particulate matter called atmospheric dust (solid particles less than 0.66 mm 
in diameter). These particles may include noa-living particles, such as soot, 
or living particles. such as pollen and micro-organisms. 
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QuickLah 
Modelling Atmospheres 


Purpose 
To generate models of the atmospheres of Earth, Venus, and 
Mars, and compare their gas compositions 


O The data in the table show the percent composison of 
gases in the atmospheres of Venus, Earth, and Mars. if 
you have access to a computer spreadsheet software or 


Perceat Composition ef Three Atmospheres 


a graphing calculator. enter these data. Gases present in 
trace amounts should be entered as 0% for the 
purposes of this investigation. 

© Create graphs that visually summarize the differences in 
the atmospheres of the three planets. Test the effects of 
using different types of graphs in communicating these 
differences. For example, you could construct a pie chart 
for each planet using same colours for each type of gas 
on each planet chart. You might instead plot the data for 
ali three planets on one bar graph. or generate one bar 
graph for each planet. CA 

O Choose the graph you think most clearly communicates 
the difference between the relative amounts of gases in 
the atmospheres of Venus, Earth, and Mars. Print out or 
redraw that graphn final form. 


Questions 
1. Explain why you think your choice of graph is most 


effective in communicating the differences between the 


atmospheres of the three planets. 

2. Mars and Venus do not appear to have a biosphere. 
Summarize the main Gifterences in the gas composition 
Of Earth's atmosphere and of the atmospheres of Mars 
and Venus. Based on your summary. would you predict 


that Mars and Venus would be able to support life as we 
know it? Why or why not? 


The most abundant gas in our atmosphere is nitrogen gas. Nitrogen is 
required for plant growth. Certain bacteria convert nitrogen gas into nitrogen 
compounds that can be taken up by plants. Oxygen is the second most abun- 
dant gas in Earth's atmosphere. Life as we know it would not exist without 
these levels of oxygen in the atmosphere. Living cells obtain energy through 
the process of cellular respiration, which uses oxygen to break down glucose 
molecules. The levels of oxygen gas are maintained through tbe process of 
photosynthesis. which uses the carbon dioxide that is produced by respira- 
tion and produces oxygen gas and sugars. Oxygen gas is also involved in 
many other chemical reactions, including combustion reactions (burning). 
Burning is the most common way that we release energy from fuel. The levels 
of nitrogen gas in our atmosphere help to control the amount of combustion 
that takes place, since nitrogen gas does not support combustion. 

Earth's atmosphere can be divided into four layers. which are determined 
by the average air temperature. These layers are found at different altitudes 
(Figure D1.4). Altitude is the distance above Earth's surface. measured from 
sea level (the surface of the oceans). The altitudes shown are average values 
for Earth as a whole. The exact altitude at which a particular layer begins or 
ends above any point on Earth will be different for different locations or at 
different times of the day. 
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Troposphere 

The troposphere is the layer of atmospheric gases at 0 km to 10 km from 
Earth's surface. The troposphere has an average temperature of 15*C at 
Earth's surface. The temperature of the troposphere decreases with 
increasing distance from the surface of Earth, and reaches a minimum of 
60 Cat the top. 

The troposphere contains about 80% of the atmospheric gases by mass. It 
is the only layer of Earth's atmosphere with a temperature range and concen- 
tration of oxygen that can support many living organisms, including humans. 
The troposphere contains most of the carbon dioxide and water vapour in the 
atmosphere, and is the layer in which most weather occurs. The root of the 
word “troposphere” is the Greek word tropos, which means, “to change." The 
troposphere also contains almost all of the atmospheric dust. Atmospheric 
dust may be produced by natural events such as volcanoes and forest fires, 
and by human activity. 


Stratosphere, Mesosphere, and Thermosphere 

The stratosphere is the atmospheric layer above the troposphere, from about 
10 km to 50 km above Earth's surface. The temperature in the stratosphere 
increases with distance from Earth's surface, starting at 60 Cat the lowest 
part, to about 0°C at the top. Scientists have found clumps of cells in the 
stratosphere, but no other life. 

The stratosphere contains most of the ozone gas in the atmosphere. Ozone 
is a molecule made up of three atoms of oxygen (Figure D1.5). Ozone gas forms 
a layer in the stratosphere called the ozone layer. Ozone absorbs large amounts 
of energy from the Sun's rays, which causes the temperature in the strato- 
sphere to increase with altitude. The ozone layer protects living organisms 

‘The mesosphere is the third atmospheric layer above Earth's surface. Tho 
temperature of the mesosphere decreases from 0°C at the bottom to —100'C at 
the top. The thermosphere is the farthest layer from Earth's surface. The 
temperature in this layer increases from —100*C to as much as 1500°C_ There 
is very little gas in these layers, and these temperature changes are not yet 
fully understood. 
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Another way to classify the 
water on Earth is by 
separating the liquid water 
from the frozen water. 

By this method, the 
hycrosphere comprises all 
the liquid water on Earth, 
and the cryosphere 
comprises all the frozen 
water. 
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The Lithosphere 


The lithosphere is the solid portion of Earth that floats above the semi-fluid 
portion of the upper mantle (Figure D1.6). The lithosphere is home to many 
micro-organisms, plants, and animals, including humans. It can be thought 
of as the outer surface of Earth and any solid portions of Earth's interior. The 
lithosphere extends from Earth's surface to about 100 km below. and runs 
under Earth's continents and oceans. The lithosphere is warmed mainly by 
incoming energy from the Sun and, to a lesser degree, by tbe molten material 
in the mantle. 


connsental crust 


The Hydrosphere 


The hydrosphere accounts for all the water on Earth. About 97% of this water 
is salt water in Earth's oceans. The other 3% is fresh water, and includes 
unfrozen water such as in lakes and streams. and frozen water, such as the ice 
in snow and glaciers. The amount of water on Earth always remains the 
same. Many different organisms, from whales to algae, live in the large water 
bodies of the lithosphere. However, the vast majority of the living organisms 
found in the lithosphere or atmosphere need water to survive, and so also 
depend on the hydrosphere. Like the lithosphere, the hydrosphere is warmed 
mainly by incoming sunlight and, to a small degree, by the molten material in 
the mantle. 


The Components of the Biosphere Interact 


Thinking about the atmosphere, lithosphere, and hydrosphere separately can 
be helpful for understanding the processes that occur on Earth. However, to 
understand the global systems of our planet fully, it is important to remember 
that these components continuously interact with one another. For example, 
water does not exist only in the hydrosphere. Water is also present in the 
atmosphere as water vapour, where it plays a role in cloud formation and 
other processes. It is present in the soil and minerals of the lithosphere. 
where, among other things, it dissolves plant nutrients and weathers rock 
These interactions can change daily. For example, there may be as little as 
1% water vapour in the atmosphere over a prairie ranch on a cold winter day. 
but as much as 4*6 over a large lake on a hot summer day (Figure D1.7). 
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Bet 03 


Inquiry Lab 


Air Temperature and Altitude 


n you have visited or seen pictures of high mountains. such 
as the Rocky Mountains in North America, you have prob- 
ably noticed that some mountains are capped with snow 
year-round. Why are the tops of mountains always colder 
than the lower levels? In this investigation, you will create 2 
raph of the air temperature measured on Sept. 3, 2002 at 
increasing altitudes above two Canadian cites. You will use 
dass graph to explore the differences in ar temperature at the 
top and bottom of a mountain. 


The Question 


How does air temperature vary with altitude above Port 
Hardy. BC. and Edmonton, AB? 


Altitude aad Air Temperature on Sept. 03, 2002 


Soome Untverst of Wyomng, Dezartzurt cf Atrmosohenc Scence 


Temperature is the responding vanable. What is the manipa- 
lated variable? 
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Procedure 


O Graph the altitude anc air temperature for both cities on 
a onge graph. 


Analyzing and Interpreting 


1. Which city had the higher temperature at an altitude of 
914 m? Which had the higher temperature at an altitude 
of 10668 m? 


2. Determine the air temperature at an altitude of 4900 m 
for both cities 


Forming Conclusions 


3. Describe the general relationship between air tempera- 
ture and altitude above these two cities. 


4. Relate the trend of your graph of temperature versus. 
altitude to the characteristics of the troposphere. 


Applying and Connecting 


8. Evergreen trees, such as firs and pines, cover much of 
the Rocky Mountains in Alberta. in contrast, much ot 
the Laurentian Mountains in Quebec is covered with 
deciduous trees, such as maples and birch. The moun- 
tains of Alberta's Rockies have elevations up to 
3700 km. but the mountains of the Laurentians have an 
elevation no higher than 520 m. Suggest one reason for 
the difference in the types of trees between these two 
mountain ranges. 


"SEARCH 


Find out what causes 
inversions, and why they often 
occur in mountainous regions. 
Begin your search at 
www poarsoned ca 
schoo/science10 


Altitude and Temperature 


Altitude is the distance above Earth's surface, measured from the upper 
surface of the oceans (sea level). In the troposphere, the temperature of the air 
tends to decrease with altitude. The temperature at high altitudes can be so 
cold that the tops of some mountains remain covered in snow year-round. In 
general, regions that are at higher altitudes tend to be cooler on average than 
regions at lower altitudes. 

Sometimes. conditions in the atmosphere cause this pattern to change. An 
inversion is a reversal of norma! temperature patterns seen in the troposphere. 
Inversions may trap unusually cold air close to the ground. Inversions tend to 
occur more often in areas close to mountains, where the air is forced to travel 
up over the higher elevations. There is also less air circulation during an 
inversion, which can cause pollutants to become trapped close to the ground. 
High levels of pollutants can affect the health of some people. 


Check and Reflect » 


Knowledge Applications 

1. Identify the following statements as 11. Make a chart that compares and contrasts the 
examples of weather or of climate: three parts of the biosphere. 
a) Today is very hot. 12. Explain how each of the biosphere 


year. 


2. Write a short paragraph explaining the 
difference between climate and weather. 


3. Describe the components of the biosphere. 
4. What characteristics of the troposphere make 


it unique? 


5. Identify the most abundant gas in the 
atmosphere. 


8. How are the layers of the atmosphere 


classified? 


7. In which part of the atmosphere does most of 
Earth's weather occur? 

8. Does the lithosphere include just the land 
making up Earth’s continents? Explain your 


13. Using the data in the table below, construct a 
graph that clearly illustrates any similarities 


answer. 
9. Explain why temperature increases with 
altitude in the stratosphere. 34. kuegine tbst ae pert of your job, 
summer job, you 
P A eee eee are to participate in a scientific study of the 
the world's oceans, streams, and rivers. essct qe teer iar eee 
Explain your answer in a short paragraph. pres terse You me ee noli 
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D là Climate 


If you ever have travelled between places with different climates. vou have 
some idea of how climate affects your life. Your daily activities, clothing 
choices, even what you eat can change in areas with different climates. 
Climate also affects all other living organisms on Earth. 


Climate Affects Daily Lifc 

Alberta's climate has four seasons. In general, the summers are warm, winters 
are quite cold, and fall and spring can be very brief. The Northwest 
Territories, which share Alberta's northernmost border. are generally a lot 
colder than Alberta. How do differences in climate affect people's daily lives? 

According to data from Statistics Canada, in 2001, Alberta had a popula- 
tion of 3 064 249 people in an area of 642 317 square kilometres, which is an 
average of 4.8 people per square kilometre. In the same year, the Northwest 
Territories had a population of 42 083 in an area of 1 183 085 square kilo- 
metres, or 0.036 people per square kilometre. A similar pattern is seen world- 
wide- regions with severe climates tend to have fewer people than regions 
with more moderate climates. 

One reason that fewer people live in these regions is that severe climate 
causes additional challenges to everyday life. People cannot survive outdoors 
in extreme heat or extreme cold without adequate clothing (Figure D1.8). In 
Alberta's climate, people need one set of clothing to protect them from the 
summer heat, and a second set to protect them from the cold of winter. 

Even with adequate clothing, people living in severe climates must seek 
shelter after a relatively short time in order to avoid injury, such as frostbite 
or sunburn. Their shelter must also suit the climate. Albertans’ homes 
usually have some form of heating device, such as a furnace, which is used 
throughout the winter. In summer, heating is seldom used. Homes in Alberta 
generally are well insulated and have tightly sealed windows and doors, to 
help keep the temperature indoors different from that outdoors. The climate 
of Alberta also causes Albertans to use more fuel (and spend more money) to 
heat their homes than people who live in milder climate zones. For example, 
homes in regions of California often have only a space heater. The climate is 
so mild that residents may use their space heaters for only a few days in a 
year. Californians therefore use much less fuel and spend less money for 
bome heating than Albertans. People in warmer climates may use more fuel 
or spend more money on air conditioning, however. Homes must also be able 
to withstand the amount and type of precipitation of a climate zone. Whereas 
homes in Alberta must be able to withstand the considerable weight of snow 
that can fall during winter, homes in areas with heavy rainfalls, such as in 
parts of Brazil, must bo able to withstand these conditions (Figure D1.9). 

Climate can determine the types of foods that are available in a region 
and the cost of that food. It is generally more expensive to buy fresh fruit in 
northern Alberta in January than it is in Florida, for example. Most fruit trees 
are unable to withstand the climate conditions of northern Alberta, so fruit 
must be transported to the region. The cost of transport increases the price of 
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ial weathe: 


n Canada were 
taken at King’s College. 


University of Toronto 


members 
Royal Artillery on 
September 6, 1840. 


the fruit. Florida's climate provides good growing conditions for fruit trees 
y different fruits. TI 


residents of Florida than to residents of Alberta 


so this area produces man lar less to transport to 


od by cli 
gions in Canada w 


ish Columbia or the 


The economic opportunities of an area ca 


Think again about the example of produci: 


warmer climates, such as the Okanagan Valley 
Niagara region of Ontario, fruit production is an important part of the 


economy. The economies of regions with colder climates, such as Fort 


Fitzgerald near Alberta's northernmost border, have little or no agricultural 
components. Tourism and recreation industries can also be affected by 


sh 


ns such as the C 


climate. Activities such as skiing or ice are possible only in regions 


with a cold w season. People in reg bean Islands 


j on the year-round warmth of their climate to attract tourists inter 


depen: 


ested in swimming and sunbathing 


Climate Affects All Organisms, 


Climate affects environmental conditions, and so all living things in any 
region are affected by climate. The species of plants that can survive in a 


region are determined by the climate. However, some characteristics of 


plants and animals can make them more suited or less suited to a particular 
An adaptation is any < 


organism that makes it more sui 


climate. ange in the structure or functio: 


g of an 


d to its environment. Different plants and 
animals have various adaptations that make them more suited or less suited 


to a particular climate. Think about the plants and animals of Alberta. How 


are they suited to Alberta's climate? How would their adaptations affect their 
ability to live in other climates? 


Plan 


t life in Alberta must be able to survive the seasonal changes in the 


climate. For example, many plants undergo a period of dormancy during tbe 


winter. Dormancy is a period in which growth of the plant ceases or becomes 


very slow. Deciduous trees, such as poplars, shed their leaves when 


dormant. T 


his helps to protect them from freezing, and 
amount of moisture they need. Plants cannot use frozen wat 
also a period of extreme dryness. Plants in Alberta will flower and reproduce 


only when temperatures are warmer and more moisture is available, usually 


Home designs art altered to match the climate of the region im which fe homes 
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during spring and summer. In contrast. the climate in some trop 
ical regions is warm and moist year-round. Plants in such tropical 
sure D1.10) 
Tropical plants continue to grow year-round, and many also r 


areas do not undergo a period of dormancy (F 


ro- 
duce throughout the year. Many plants in tropical climates cannot 


survive long dry periods, whereas plants found in dry climates are 


often unable to tc wet con 


ons 


Tho native animal life of a region is also affected by climate 


Through food webs, plants ultimately supply food energy to all 


other organisms on. Earth's d 


Terent regions, therefore 
imals. F 


support different spec 
can find food in Alberta's mou 


example, grizzly bears 


ains, but would be less able to 


find food in a desert. Animals also have adaptations that make 
them more suited to particular environmental conditions. 
Grizzlies can put on as much as 200 kg of fat during the summer 
months. This fat laver helps to insulate their organs from the cold 
of winter, as well as providing fuel. Grizzlies also make a den in a 


protected spot. such as a cave, and become extremely inactive 
during the winter. Contrast these adaptations with those of an 


animal native to a trop 


Al region. the green iguana. The green 
iguana is cold-blooded, so it seeks out sunlight when the tempera 


ture is too cold and finds shade when the temperature is too warm. 


Instead of fur and insulating fat, the green iguana has a thick 
water-resistant skin to protect it from the warm. wet climate of its 
home. Green iguanas are active all year round, since the seasons 
do not bring significant changes in temperature 


The Importance of Climate 


GELEI aoo cimae oo these species need to survive? 


The organisms in Figure 01.11 have adaptations that enable 
them to survive in the climate conditions of their home. The 
Arctic wolf has a white coat year-round, which provides 
camoutiage against ice and snow. The trumpeter swan nests 
only in wetland areas, which provide 1000 and protection tor 
its young. The purple flac blooms very early in the spring. at 
the first hint of warmth, before many other plants 


s have 
v o Tat maxe then sued ta the cimae 
conditions of tei home 


on 


in a group of two or three, brainstorm the effects of an 
increase n the average temperature of the regions where 
these organisms live. Consider factors such as the ability of 
the organisms to find food, water, and suitable shelter, and 
10 compete with other organisms. 

Write a summary statement on the importance of climate 
to living things, and the potential effects (f the Climate were 10 
change quickly 
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e 


Temperature Change (^C) 


Data Source. Enveronmeet Canada 


Change ia Average Air Temperature ia Canada 


Climate Change 
If one day in April h 
that the climate is changing? No: the tempera 
day's weather. Climate change is c 


a region over time, usually a minimum of 30 years. Scientists determine if the 


appens to have a temperature of 29"C. does this mean 
are on any one day is just a part 


of 


ge that occurs in the climate of 


climate in an area has changed by comparing the average weather over the 
last 30 or more years with the average weatber conditions over a similar 
period of time in the past. If every day in April had been warmer for the last 
30 years than the average temperature in Aprils over the last 100 years, that 
would be strong evidence that the climate is changing. 

Earth has experienced climate change a number of times in its history, 
according to evidence such as that from ice core samples and fossils. During 
some periods, the climate became cooler. and warmer during others. Today, 
the average surface temperature of Earth is increasing, according to two kinds 
of evidence: anecdotal evidence and scientific evidence. 

Anecdotal evidence of climate change relies on reports from people 
about particular weather events and how they interpret these events 
changing over time. Anecdotal evidence is often useful, but it has not been 
carefully tested to ensure it is unbiased and that it applies to situations other 
than the particular events reported. For example. farmers in Alberta report 
that the growing season begins earlier now than it did vears ago. Aboriginal 
and Inuit elders and leaders in Canada's north have also reported changes in 
weather events over time, including tbe first frost date, the start of animal 
migration, and the thickness of ice. These observations all suggest that the 
average temperature of Earth is increasing. Scientific evidence of climate 
change relies on evidence collected in a manner that, as much as possible, 
ensures it is unbiased and that reflects general situations, instead of just 
particular events. Scientific evidence is usually collected by trained scien- 
tists and is checked by other scientists. It often involves data collected using 
specialized instruments. Much of our evidence about historical climate 
conditions relies on anecdotal evidence. since keeping formal records and 
using specialized equipment to determine specific climate conditions in the 
past or present are relatively recent inventions. Anecdotal evidence and 
scientific evidence may provide information about the same or similar 
events. For example, scientists at Environment Canada have graphed the 
average yearly temperature in Canada from 1948 to 1999 
(Figure D1.12). This graph provides scientific evidence 
that agrees with the anecdotal evidence: the average 
yearly temperature in Canada tends to be higher now than 
in the past. The data for this graph were collected from 
weather stations across Canada The collected data were 
then used to calculate an average value for the whole of 
Canada, which was then plotted on the graph 


GEE 06000 swente evidence ot a 
wamisg rend n Canada’ average ar temperature, Tom 1548 to 
1999 The zero point indicates that ro ternpecature chuege occured. 
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Decision-Making Investigation 


Climate Change Today 


The Issue 
ts em change affecting present-day kte in Canada? 


UHLHIEBH isso penaos is inked ta 6 
anng engrase in northern regions and cas cane SET 
damage to sore structures. 300 as fs uu 


Background Information 

As scientists collect and analyze data from many different 
sources, their understanding of climate increases. Some 
scientists predict that climate change may occur so quickly 
fat some organisms will be unable to adapt. Even as you 
read this, the world’s scientists are publishing new informa- 
ton related to chmate and climate change. 

For example. scientists at Environment Canada have 
suggested that if the average global temperature contrwes 
to increase, the amount of moisture in many regions in 
Alberta would decrease. These changes would affect the 
types of plants thet can survive, which wouid in tarn affect 
the organisms that depend on thern for food and shelter. 
However, warmer temperatures would also increase the 
length of the growing season. which would allow some 
plants to grow in areas where they previously could not. In 
northern regions of Canada, such as the Yukon, Nunavut. 
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and Northwest Territories, as increase in average 
temperature is predicted to cause meting of permafrost. 
Permafrost is permanently trozen ground. and thawing of 
permafrost can cause the ground to become unstable 
(Figure D1.13). A rise in the average temperature is also 
predicted to change the position of the tree line, the 
boundary between regions where trees can and cannot 
survive. 

Working in smal groups, collect articles and reports of 
Current events related to climate change for regions in 
Canada. Use as many different types of information sources 
as you can to get current information, such as science 
journals and magazines, newspapers and news magazmes, 
and Internet articles. When research is completa, create 3 
Class information board that incorporates ail the information 
you have found. Arrange the information in à manner mat 
will allow you to compare the information about the impact 
of climate change in different regions of Canada You can 
create your information board electronically, using print 
materais, or both. 


Analyze and Evaluate 


1. Renew the information on the class information board. 
in which region was Suman life most affected by 
Climate change? Justify your choice. 


2. la which region were other living organisms most 
afecte by chrnate change? Jestity your choice. 


3. Severe ox unusual weather events are not always due to 

Climate change. Choose one severe or unusual weather 
event that is included on your information board. 
Summarize the evidence that links this event to climate 
change. Do you think the evidence is convincing? Why 
or why not? 
You and your classmates can continue to add to the 
information board throsghout this unit. A! the end of 
sections D20 and D3.0, review any sew information 
that has been added to the board, and repeat steps 1 
and2. 


"SEARCH  — 


Using the Internet, find 
evidence related to global 
cEmate change fore curent 
sources. This evidence may 
be about giobal climate 
change in the past or today. 
Becin your search at 


o www pearsoned ca, 
* 2 


Interpreting Climate Data 


change could have consequences to all life on Earth. 


Check and Reflect 


Knowledge 

1. Describe one example of how climate affects 
people. 

2. Describe how climate affects the life of a 
grizzly bear, or of another organism of your 
choice. 

3. Could trumpeter swans survive in a hot. dry 
climate? Explain your answer. 

4. Define climate change. 

5. Explain why scientists use data from time 
periods of at least 30 years to look for 
evidence of climate change. 

6. Give one example of anecdotal evidence of 
climate change. and one example of 
scientific evidence of climate change- 


Applications 


7. A foreign exchange student is coming to visit 


your class. This student has never before 
lived in a climate similar to yours. Write a 


letter in which vou recommend what clothes 


the student should bring with him/her. 
Complete your letter by inviting the student 
to join vou in one winter sport and one 
summer sport. Explain why each of the two 
sports is played only in one season. 

8. Each year, a bird-watching club records the 
first spring sighting of a migratory bird, the 
golden-crowned kinglet. Their observations 
from 1973 to 2003 were: 
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The graph in Figure D1.12 also demonstrates how difficult it is to detect 
changes in climate. According to scientists from Environment Canada, the data 
in the graph indicate that the average temperature in Canada increased by 
1.0°C from 1948 to 1999. This was determined from the line of best fit for the 
data points on the graph. This was not a straightforward task, since the average 
temperature for some vears was much warmer than previous years, and some- 
times was much cooler. Also, not all regions of Canada experienced the same 
variations in temperature, which made the analysis even more difficult. 

We do not have a complete record of Earth's past climate. and we do not 
yet fully understand all the factors that affect climate today. What is known, 
however, is that climate is very important to the biosphere end climate 


1973 May 15 1984 May8 1995 May4 
1974 May 14 1985 May10 1996 May2 
1975 May 14 1986 MayS 1997 May1 
1976 May13 1987 May7 1998 Apr30 
1977 May is 1988 May6 1999 May1 
1978 May 11 1989 May8 2000 Apr29 
1979 May 12 1990 May7 2001 May2 
1980 May10 1991 May6 2002 Apr30 
1981 May 11 1992 May4 2003 Apr 28 
1982 May9 1993 May5 

1983 May 10 1994 May3 


a] Create a graph of these observations. 
b) Describe any trends you find in your 


graph 


c) Write a hypothesis to explain any trend 
you observed. 
d) What kind of information could you 
collect to gather evidence that might 


support your hypothesis? 


Extension 


9. Although the temperature of the Okanagan 


Valley supports the production of fruit, there is 
too little rain for tbese trees to survive 

water by irrigation. Using print and electronic 
resources, find out how irrigation changed the 
types of plants that can survive in the 
Okanagan Valley. if the climate were to 
become even drier. which would be more 
affected. the native plants or the plants that 
depend on irrigation? Why? 


1. What is the biosphere? 

2. How is climate different from weather? 

3. In a brief descriptive paragraph. distinguish 
between the hydrosphere, lithosphere, and 
atmosphere. 

4. Explain the relationship between the 
troposphere and the survival of humans. 

5. Where in the atmosphere does the azone layer 
occur? 

6. Where is atmospheric dust found? 

7. What two gases in Earth's atmosphere are most 
important to supporting life? 

8. What two sources of energy warm the 
lithosphere? 

9. What forms of water are found in the biosphere. 
and where are they located? 

10. Describe one example of the way climate affects 
animals. 

11. What is the difference between anecdotal and 

ientific evidence? 

12. Identify which o£ the following would be 

examples of anecdotal evidence and which of 

scientific evidence of climate change. 

a) Rocky Mountain glaciers are smaller than 
100 years ago. 

b) Inuit people are finding that the Arctic ice 
floes are breaking up earlier in the spring. 


a) Ifthe trees produce wider rings under cool, 
hot conditions, which years were hot and 
dry? Which were cool and wet? 

b) The researcher plans to measure the growth 
rings from at least 20 core samples that 
period. This work will take a long time. Why 
would the researcher measure so many trees? 

c) The researcher found newspaper articles 
from 1961 to 1963 in which local farmers 
reported that their crops had failed due to 
lack of water. What kind of evidence are 
these reports? Why might the researcher also 
be interested in this kind of evidence? 

d) The data for 1964 are very different from that 
from 1959 to 1963. Is this evidence of climate 


c) Farmers are saying their crops ripen earlier change? Why or why not? 
now than in the past. 
d) The average temperature of Earth increased 
by 0.6°C over the 20th century. Extensions 
3 15. Create a model of the region of the biosphere 
that is within a 50-km radius of your school. 
PF include the lithosphere, hydrosphere, 
13. It is difficult to include water vapour in a chart atmosphere, and the living things that can be 
or table of the composition of Earth's id 
atmosphere. Why is this? 16. Create a multi-media presentation that shows 
14. A researcher is studying the changes in the the ways in which an animal or plant of your 
width of growth rings in trees from a particular choosing is affected by the climate of Alberta. 


region, using tree cores that were collected 
previously. Some of the data from two core 


samples are presented in the following table: 


17. Create diagrams of a house in Alberta and a 
house located in a village near the equator. 
Show how the buildings must be different to 
address different climates. 
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Key Concepts 


Ia this section, you will learn abost the 
following key concepts: 


* solar radiation bedget 

* Climate zones, transfor of thermal energy 
by the bydrosphers and d atmosphere 

* hydrologic cycle and phase change 


* relationship between biomes and solar 
energy and climate. 


Learning Outcomes 
When you have completed this section. you 
wil be able to: 


* identity the Sun as the source of ali energy 
on Exth 


and tiene of year. angie of incimation, length 
Of daylight, doud cover, aibedo effect. and 
aerosol or peru. Ohe 


< analyze the net radiation budget. using 
percent 


* describe how thermal ensigy is transferrod 
through the atmosphere and the 
hydrosphere, frora latitades of net radiation 
turpius to antes o! net radason o 


* explain how thermal energy transter Brough 
the atmosphere and hydrosphere affects 
climate 

* describe and explain the greenhouse effect 


* investigate and interpret how variabons in 
thermal properties of materials can iead to 
uneven heating and coving 

* Investigate and expiain how evaporation. 
condensation, freezing. and mating transter. 
thermal energy 

* describe a biome as an open system. 


© relate The Charactenstics of two biomes to 
net radiant energy, climatic tactors, and 
topography 

* analyze the climatographs of two maior 
biomes, and explain why bomes mta 
Smia chacacteristics can exist in derer 
geographical locations. latitudes, anc 
Ae 
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Global systems transfer energy 
through the biosphere. 


irtually all the energy on 

Earth initially comes from 

the Sun; that is, from 
solar energy. Life as we know 
it depends an this incoming 
solar energy. A smal] amount of 
the incoming solar energy is 
converted to food energy through 
photosynthesis, but most is 
converted to thermal energy 
Thermal energy is the onergy 
possessed by a substance by virtue 
of the kinetic energy of its mole- 
cules or atoms. A quantity of a 
substance at a high temperature 
has more thermal energy than the same quantity of that substance at a 
low temperature. 

Different regions on Earth's surface have different amounts of 
thermal energy. In general. regions at or near the equator tend to be 
warmer, or have more thermal energy, than regions closer to the 
poles. What causes this general relationship and what consequences 
does it have for the biosphere? 

Although the average temperature of Earth's surface generally 
decreases as one moves away from the equator, there are many excep- 
tions. For example, consider the following cities in Canada: 
Vancouver. BC. Lethbridge, AB, and Gander, NF. According to 
Environment Canada, between 1971 and 2000, Vancouver had an 
average annual temperature of 10.1*C. During the same period, the 
average annual temperature in Lethbridge was 5.7*C, and 3.8°C in 
Gander. What factors contribute to these varistions in climate? 

In this section, you will learn about factors that affect the amount of 
solar energv that reaches our planet's surface. You will explore how 
differences in Earth's atmosphere, lithosphere, and hydrosphere can 
affect the absorption of solar energy and its conversion to thermal 
energy. You will also discover how thermal energy is transferred 
between regions of Earth by the atmosphere and the hydrosphere. You 
will use this knowledge to analvze the climates of different regions on 
Earth called biomes, and then explain why biomes with similar charac- 
teristics can exist in different locations on Earth. 


D f. Energy Relationships and the 
Biosphere 


Solar energy is radiant energy. or energy that is transmitted as electromagnetic 
waves. Solar energy consists of electromagnetic waves at different wave- 
lengths, which together make up the electromagnetic spectrum (Figure D2.2 
The electromagnetic spectrum can be divided into classes of waves that fall 
within a certain wavelength range. The radiation at wavelengths in the range 
that we can see is called visible light. The amount of energy carried per wave- 
length also varies across the spectrum. For example, waves of radiation in the 
gamma ray range will carrv far more energy than an equal number of waves 
in the radio wave range. 

Although virtually all the energy on Earth comes from the Sun, all regions 
do not receive the same amount of solar energy. Insolation is the amount of 
solar energy received by a region of Earth's surface. Insolation depends on lati- 
tude, and on specific characteristics of the lithosphere, atmosphere. and 
hydrosphere in a region, some of which can change from day to day 
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Insolation and the Angle of Inclination 


il you were to line up Earth's poles relative to the plane of its orbit around the 
Sun, you would find that the poles would be slightly tilted, rather than 
perpendicular (straight up and down) to the orbital plane. The angle of 
inclination refers to the degree by which Earth's poles are tilted from the 
perpendicular of the plane of its orbit. Earth has an angle of inclination of 
23.5" (Figure D2.3). 
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Earth orbits the Sun once per year. On tbe first day of summer in the 
Northern Hemisphere (June 21), the angle of inclination causes the North 
Pole to be tilted toward the Sun (Figure D2.4). On the first day of winter in 
the Northern Hemisphere (December 21), however, the North Pole is tilted 
away from the Sun. The North Pole therefore receives more insolation during 
our summer, whereas the South Pole receives more insolation during our 
winter. Regions in the Northern Hemisphere, such as Canada, therefore have 
warmer temperatures from about March to September, whereas regions in the 
Southern Homisphere, such as Australia, have warmer temperatures from 
September to March 
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Earth's angle of inclination causes the seasonal change in insolation at more polar latitudes. 


The dates of he equinoxes and soissces may vary by one day, depending on whether a particular year is a leap year 
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Earth can be divided into different latitudes, which are imaginary lines 
that run parallel to the equator. The equator is at latitude 0°, and the poles are 
at latitudes 90* N and 90° S. The remainder of Earth's surface is divided 
equally with parallel lines between these points. The angle of inclination 
also causes variation in the number of hours of daylight at different latitudes. 
At more northern latitudes, such as in Canada. there are more hours of 
daylight as the North Pole becomes tilted toward the Sun. A solstice is one of 
two points in Earth's orbit at which the poles are the most tilted toward or 
sway from the Sun. The solstice that occurs on June 21-22 is the day that has 
the most hours of daylight in northern latitudes, but the least hours of 
daylight in the southern latitudes. Regions of Earth at or near the equator 
experience little variation in the number of hours of daylight. An equinox is 
ono of two points in Earth's orbit when the number of daylight hours is equal 
to the number of hours of night. 


Insolation and the Angle of Incidence 


The shape of Earth also affects the insolation of regions at different latitudes. 
Earth is roughly spherical. As a result, most incoming solar radiation is not 
perpendicular to Earth's surface. The angle of incidence is the angle between 
a ray falling on a surface and the line of the perpendicular to that surface. At 
the equator, the angle of incidence of incoming solar radiation is 0*. As you 
move from the equator to tbe poles, the angle of incidence of the Sun's rays 
increases. At larger angles of incidence, the same amount of radiation is 
spread out over a greater surface area (Figure D2.5). Therefore, areas at more 
polar latitudes always receive less solar energy per square kilometre than 
areas at or near the equator. 
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Inquiry Lab 


Angle of Incidence and Rate of 
Temperature Change 


CAUTION: Tc avoid 2 burs injury, be careful not 
tewcs the hone belt 


The Question 
How does the angle of incidence of radiant energy affect the 


temperature inside the pocket every minute for 15 m 
for each of these angles. 

© Puce the pocket on books or blocks so that it is level with 
the lamp bulb, and at a distance of em (Figere D2 7). 
Using another book or block to support the pocket. 
position the pocket so the rays frorh the lamp hit the 
pocket at an angie of incidence of O°. 


Which is the manipulated variable in this experiment: the 
angle of incidence or the rate cf temperature change? 


HH! 


DDD 


Oe the thermometer ox temperatare probe inside the 
pocket, ensuring that the black paper surrounds the 
bulb or probe end. 


© Record the initial temperature inside the podet. 
© Torn on the lamp. Measure and record the temperature 
inside the pocket every minute for 15 mun. 


D Repeat steps 4 to 6 with the angle of incidence at 45" 
and then 90°, as shown in Figere D2 7. 


O Switch ott tne lamp when you have completed your 
Twesbgason. 


Analyzing and Interpreting 


1. identify the manipelated variable and the responding 
variadie in this experiment. 


2. G all the variables that were held constant during 
the vestigation. Why was it important to keep these 
variables constant? 


3. Create a line graph of your data. Use solid, dashed, and 
dotted lines, or lines of different coleurs to pict the 
results for each of the angles of inc de. 


O Ota 5 cm dy 10 cm strip of back construction paper 
Fold the paper, and tape the two sides to form 2 pocket. 
as shown in Figure 02.6. 


ort De I 


Felt your paper ros. 
to form a pocket. 


O You will de directing radiant energy from a lamp onto 
the pocket, at angles of incidence of O°, 457, ané 90°. 
Create a cata table that will allow you to record the 
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Forming Conclusions 


4. Describe how the angle of incidence affected the rate of 
temperature change. 


Extending 


7. in this experiment, the Diack paper absorbs most of the 
radiant energy trom the lamp. Design an experiment 
‘hat would alow you to test whether the rate of temper- 
ature change of a substance Sut reflected more radiant 
energy (such as another colour of paper) was affected 
by the angie cf incidence in a similar way as was the 
black paper Include 2 hypothesis in your experimental 

Applying and Connecting oe 

6. Consider your experiment as a model of Earth. Describe 
the consequences of the angle of solar radation inc- 


dence on average temperature at eren latitudes on 
Earth, using your data to illustrate your answer. 


5. identity the angie cf incidence that exposed the pocket 
to the most radiant energy. Which angie exposed the 
pocket to the least radiant energy? Describe the 
evidence you used to come to your conclusion. 


The Earth's shape and the angle of incidence play a large role in creating 
Earth's climate. From the equator to the pole, there is a progressive decrease 
in insolation year-round. As a result. the average annual air temperature is 
highest at the equator, and decreases as you move toward the poles. There is 
little variation in the number of hours of daylight with the seasons at the 
equator, but the number of hours of daylight varies progressively with the 
seasons at increasingly higher and lower latitudes. There is therefore more 
variation in average daily temperature throughout the year as you move 
closer to the poles (Figure D2.8). 
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Absorption and Reflection by the Biosphere 
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as wind. A small am 


y by the process of photosynthesis, and is then passed on to 


ms through food webs 


(troposphere, stratosphere. meso- 


hore, and thermosphere) contain different mixtures of gases. These 


rent gas mixtures absorb or reflect snergy from different areas 


of the electromagnetic spectrum. High-energy radiation. suc h as 


X-rays and gamma rays, are absorbed by oxyge: 


and nitrogen gases 


thermosphere, and stratosphere. Ozone 


Net 


dation. Carbon dioxide and water 
vapour in the 
thane. Vis 


surface with very litt 


such as jlo light and radio waves make it to 


absorption by the atmosphere 


Cloud Cover and Atmospheric Dust 


Most clouds and atmospheric dust (particles less than 0.66 mm in 
F 


diameter) are found in the troposphere. The amount of cloud co 


and atmospheric dust over any region varies daily, but some regions 
will commonly have cloudy skies, and some regions usually have 
relatively h 


levels of atm 


spheric dust. Human activity has also 


caused an overall increase in the amount of atmospheric dust in some 


regions, especially those over industrialized nations 


Clouds reflect some incoming solar radiation back into space. As 


a result, the air temperature is cooler on a cloudy day (Figure D2 9) 
However, clouds also absorb energy that is emitted by Earth's surface, 
which helps to warm the planet. Atmospheric dust behaves in a 


similar wav. it can shade Earth's surface from incoming radiation, 
reducing the amount of solar energy that reaches the lithosphere and 
hydrosphere. Atmospb 
energy from the Sun and some of the thermal energy emitted by 


ric dust also absorbs some of the incoming 


Earth's surface. When a natural or human-made event. such as a 
. expels large volumes of dust 
into the atmosphere, the effect on climate can be significant. Such 


volcanic eruption or a large forest fi 


effects can be very difficult to predict (Figure D2 10) 


ystems 


Albedo—Reflection by the Lithosphere and 
Hydrosphere 


The solar radiation that reaches Earth's surface is either reflect 


r absorbed. 
The amount of solar energy that is reflected versus the amount absorbed 
depends on the type of surface encountered by the incoming radiation. 
Scientists have invented a scale to measure the reflectivity of a surface, called 
the albedo. The albedo of a surface is the percent of solar radiation tha’ 
reflects. Light-coloured. shiny surfaces, such as snow, reflect more solar 


energy than darker, duller surfaces such as forests or soils. 

The average albedo for Earth's surface is 30%, or 0.30. Each region of 
Earth has a different albedo value, depending on its surface features. For 
example, the albedo of the polar icecaps is much higher than the albedo of the 
forests of northern Alberta, or of the deserts of Africa. Albedo can also vary 
with the seasons. Most areas in Canada have a higher albedo in the winter 
than in the summer (Figure D2.11). due to the change in the amount of snow 
Cover. 

Figure D2.12 shows the albedo of Earth's surface according to data 
collected from April 7-22. 2002. by certain NASA satellites. In this image. 
regions with the highest albedo are red. The snow and ice cover of northern 
gh albedo year-round Areas that 


latitudes causes these regions to have a hi 
lack forest cover, such as the Sahara desert of Africa. also have a high albedo. 
Yellows and greens show regions with intermediate albedo values, and 
regions with low albedo are coloured blue or violet. No data were available 
for regions that are white. or for oceans. 
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Activity D6 


Inquiry Lab 


Modelling Albedo in the Biosphere 


CAUTION: To avoid bern injury, do not touch the light bulb. 


The Question 
When two samples with differing albedo, white and green 
Sugar, are exposed to equa! amounts of radiation, will the 
amount of temperature change above and below the surface 
of the samples differ? 


The Hypothesis 

Create a hypothesis that relates the albedo of white sogar 
and green sugar to the change in temperature above and 
below the surface of the sugar samples. 


Variables 


Identity the responding and manipulated variables, and the 
variables that must be controlled in this experiment 


Materials and Equipment 


3 paper baking cups 

3 thermometers or temperature prodes 
refector lamp with a 200-W bud 
white sugar 

green-dyed sugar 

timer 


graph paper, spreadsheet software. or graphing 
calcutator 


Procedure 


@® Fil one baking cup with white sugar, and a second 
baking cup with green sugar. Both baking cups should 
be filled as close to the top as possible, and the surtace 
of the sugar should be flat. Leave the third baking cup 
empty. This will be your control. 


‘© You wit be measuring the temperature of the air just above 
the sugar samples and just below the surface of the sagar 
samples every 2 min for 10 min, You will also be meas- 
uring the temperature of the air in the control at these 
same times. Using paper or spreadsheet software, create 
a data table that will allow you to record these data. If 
you are using a graphing calculator, open the appropriate 
application to collect or enter temperature data 
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© Piace the lamp so that it is about 30 cm above the 
Containers. 


© Piace the bulb of one thermometer or one temperature 
probe just under the sertace of each sugar sample. 
Place the third thermometer or temperature probe 
inside the empty baking cup so thaf it is not touching 
amy surtace. Record the initial temperature of each. 


© Using the same thermometers or temperature probes, 
measure and record the temperature of the air just 
above the surface of each sugar sample. 


© Tern on the lamp and start the timer. Repeat the temper- 
ature measurements in steps 4 and 5 every 2 min for 
10 min with the light on. After 10 min, carefully turn off 
the lamp. 


Analyzing and Interpreting 


1. Using tha data in your table, create a graph of the 
temperature versus time. Your graph should include 
temperatures above and below each sugar sample and 
in the control, for each time point. 


2. Using your graph, describe the changes that occurred 
in the temperature above and below the surface of the 
white sugar and the green segar, and in the control. 
Outline any differences among the two samples and the 
control. 


3. According to your graph, over which sugar sample did 
the air temperature change more when the light was 
on? Relate this to the albedo of the two sugar samples. 


4. According to your graph. which sugar sample absorbed 
more radiation when the light was on? Relate this to the 
albedo of the two sugar samples, 


8. Why did you need to determine the temperature of the 
ar in the empty baking cup? 
Forming Conclusions 


8. Review your hypothesis. Write a paragraph that 
explains whether your data and analysis support or 
refute your hypothesis. 


Applying and Connecting 


more solar radiation? Explain your answer by referring 


1o the results of this experiment. 


3. imagine you are in a park in the summer. The Sun is 
shining on a grassy area and on the sand beach. Will 
the air just above the sand or just above the grass be 


Extending 


warmer? Why? 


8. The far north of Canada is mainly covered with ice and 
Sow year-round, whereas the more southern regions 
are covered with snow only during the winter, Would 


the northern or the southern regions of Canada absorb — 


Natural Greenhouse Effect 


Some of the radiant energy that is absorbed by Earth's surface is re-emitted 
into the atmosphere as infrared radiation, which has high thermal energy 
{Figure D2.13). This re-emitted thermal energy helps to keep the temperature 
of our planet in the range that supports life. 

Most of the thermal energy is absorbed in the atmosphere by clouds, 
water vapour, and gases such as carbon dioxide and methane. Without the 
atmosphore, this thermal energy would escape into space, and Earth would 
be significantly cooler, The absorption of thermal energy by the atmosphere 
is known as the natural greenhouse effect. Without the natural greenhouse 
effect, the average temperature on Earth would be about 33*C lower. 

Greenhouse gases are gases that contribute to the greenhouse effect. 
Since it is present in such high amounts in the atmosphere, the main contrib- 
utor to the natural greenhouse effect is water vapour. However, carbon dioxide 
and other gases, methane and nitrous oxide (N,O. also called dinitrogen 
monoxide), also absorb significant amounts of thermal energy. 


merza eter oss 
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9. Using green and white sugar, design an experiment that 
would model how albedo vanes between the summer 
and winter months in your area. When your teacher 
approves your experimental design, conduct your 


— 


greenhouse effect keeps Earth warm 
enough te support life by Sort 
some of the infrared radiation 
ve-ernited rom Earth's surtace. 


Activity 07 


Inquiry Lal 
The Greenhouse Effect 


The Question 
How does the greenhouse effect help to maintain temperature? 


The Hypothesis 

The greenhouse effect results in more absorption of thermal 
energy, and reduces the amount of thermal energy that radi- 
ates back into space. 


Variables 


In this experiment, you will be measuring the temperature 
change inside and outside a model greenhouse over time. 
Identify the manipulated. responding. and all controlled 


variables. 
M 
Materials and Equipment 
2-L clear plastic bottle 
tape 
one-hole stopper to fit bottie 
2 thermometers or temperature probes 
reflector lamp with 200-W bulb 
retort stand 
clamp 
graph paper, spreadsheet software, or graphing 


O Caretully insert one of the thermometers or temperature 
probes into the one-hole stopper. Fit the stopper 
assembly snugly into the top of the 2-L bottle. The bulb 
should be as far down into the botte as possible. 


O Secure the thermometer or temperature probe in place 
wath tape. 


3656 Wait B: Energy Flow in Global Systems. 


Required Skills 

© initiating and Planning 

- Performing and Recording 
< Anàhyzing and interpreting 


= Communication and Teamwork 


© With the clamp, attach the second thermometer to the 
retort stand so that its bulb is at about the same height 
as the one inside of the bottle. Position the stand and 
thermometer near the bottle. 

© Position the heat amp so it is at an equal distance from 
both thermometers. Your model should look like 
Figure 02.14 


thermometers at same height 


: 
i 
H 


ermgty 2-4 botte 
The completed model 


© Create a data table that will allow you to record the 
temperature change inside and outside of the Dottie 
every minute for approximately 15 min. 


© Turn on the tamp. Record the initial temperature. then 
the temperature at 1 min intervals. When the tempera- 
ture stops rising. continue to record the temperature for 
another 3 to 5 mia. 


Analyzing and Interpreting 


1. Graph your results. Plot the time in minutes on the hori- 
zontal axis and the temperature in *C on the vertical 
axis. Use solid and dashed lines to distinguish the 
temperature inside the bottle from the temperature 
outside the bottle. Include a legend. 


2. Compare the temperature changes that occurred inside 


the bottle to those outside. Explain any differences you 
observed. 


Forming Conclusions 


3. Explain why the temperature eventually stopped rising 
inside the bottle, referring to the energy coming in and 


going cut. 
4. Was the bottle a good model of the natural greenhouse 


effect of the atmosphere? Identify the limits of the 
model in your answer. 


Net Radiation Budget 


Extending 


5. Describe how you could use the albedo of different 
Substances to generate a higher temperature in the 
bottle than recorded in this activity. 


Earth is a warm, habitable planet because incoming solar radiation is absorbed by 
Earth's surface and the atmosphere. However, not all the incoming solar energy 
is absorbed. Some is reflected out to space, and some is re-emitted as thermal 
energy by Earth's surface and atmosphere. The net radiation budget is the differ- 
ence between the amount of incoming radiation and of outgoing radiation 
re-emitted from Earth's surface and atmosphere. Incoming radiation is all the 
solar energy that reaches Earth's surface, not including the solar radiation that is 
reflected by the atmosphere and by the albedo of Earth's surface. Outgoing radia- 
tion is the thermal radiation re-emitted by Earth's surface and atmosphere that is 
not absorbed by the greenhouse gases of the atmosphere. The net radiation 


budget of Earth can be written as a word equation: 


net radiation budget = incoming radiation — outgoing radiation 


Activity D8 


QuickLab 
Earth’s Net Radiation Budget 


Purpose 
To analyze Earth's net radiation budget 


O Using the intormation in Figure D2 15, create a pie chart 
that illustrates what happens to incoming radiation. Usa 
different colours to represent reflected solar energy, 
absorbed solar energy, and re-emitted solar energy. 


Questions 


1. What is the total amount of solar energy reflected back 
into space, in percent? 

2. What percent of solar energy is re-emitted from Earth 
back into space? 

3. What is the total amount of solar energy absorbed by 
Earth, in percent? 

4. Describe what happens to the solar energy coming to 
Earth. Your description should include the following 
terms: solar energy, energy input, and energy output. 
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B fortarmasa 
ahiz, the net radiation budget is in 
balasce. In other sords, the amoctt 


The poles therefore always have a net radiation budget deficit. Regions 
near the equator (latitude 0°} tend to have higher insolation. which results in 


more incoming radiation relative to outgoing radiation. Regions on and near The Earth Radation Budget 
eoru pen lewd reo sores the equator always have a net radiation budget surplus. Experiment (ERSE) was 
M TET If the only factor that determined climate were differences in net radiation started in 1984. Find out 
budget. then the average temperature in regions with a net radiation budget cence 
surplus, such as at the equator, would be expected to increase over time. since nd earthed 2 
the excess radiation would be converted to thermal energy. Similarly, in used. Begin your search at 
regions with a net radiation budget deficit, such as at the poles, the average www pearsoned cal 
temperature would be expected to decrease over time, since the amount of schociscience 10 
emitted thermal energy would be greater than the amount of absorbed radia- 
tion. These trends do not occur, however. In the following sections, you will 
find out how thermal energy is transferred from latitudes with a net radiation. 
surplus to latitudes with a net radiation deficit. 
| 
Figure D2.15 shows the relative contribution of different aspects of Knowledge Applications 
Earth’s average net radiation budget. based on data collected by NASA for the 1. Describe how the amount of solar energy 14. The city of Ynaus is located on the equator, 
Earth Radiation Budget Experiment project. When solar energy reaches reaching the poles varies during the year. and Ywons is at the North Pole. In a table, 
Earth. some of the radiation is immediately reflected back out to space by the 2 How dana cloud ccr il A t compare the relative number of hours of 
atmosphere (6%), clouds (20%), and Earth's surface (496). The remaining of solar radiation that reaches Exxth’s daylight and amount of insolation that would 
omit relies ͤ Oe ee oe faco? be received by these two cities on December 
phere (16%). clouds (3%). and the Earth's surface (land and water: 5195). On " * 21 and on March 21 of any year. 
average. all the energy absorbed by the atmosphere. lithosphere. and hydro- 3. What determines the albedo of a material? 3 
sphere is eventually emitted and radiated back into space as thermal energy. 4. What is the electromagnetic spectrum? „ 
Absorbed solar energy is radiated from clouds and atmospheric gases (64%), 5. Describe the source(s) of energy that reach 16. Two cities | din the d — . — 
by phase changes in the hydrosphere (23%), by the action of global winds the troposphere. 9 -— but have dif& f 
(7%). and directly from Earth's surface (6%). You will learn more about some i 6. Explain what is meant by the term “Earth's slide The city Peaks is 
of these events later in this unit. net radiation budget." surface „ The city 
On average. the amount of incoming radiation is equal to the outgoing 2: When does the North Polo ive the en is Sed by light- 
. ia cec ee i D highest insolation? What is happening tothe coloured sand. Nalher city ever has soou: 
outgoing radiation equals zero. If this balance were to change, then the lation at the South Pole at this time? Which city will have tbe hig! 
average giobal wmpestum wonld ela. faccus or Catena E E ‘ z =i, FE inthe 5558 i 
radiation budget was balanced again. For example. if the amount of ? carn epe mearum Vm "ER & in the wisi? 
Anse ot Radiation Absorbed and radiation re-emitted back into space were to decrease andtheamount | ! sow covered 2 " T 
Re-emitet at Different Latitedes of incoming radiation remained the same, Earth's average global 9. Describe what happens to the solar energy Explain your answers. 
= temperature would increase. | that is absorbed by Earth's surface. 
E — between the angle of inclination Extensions 
Net Radiation Budget and Latitude and the angle of incidence. 17. Create an illustration to show as many 
$ R factors as possible that would likely affect 
E Although the net radiation budget is balanced for Earth as a whole, 11. What happens to the solar energy that the pris that 
= some regions on Earth have an unbalanced net radiation budget. L reaches Earth's surface, but is not reflected. merger’ ^ — reaches 
i Latitude is an important factor in predicting whether the net radia- beck into space? cs od 
tion budget of a region will be out of balance. For example, polar i 12. Identify the factors that affoct the amount of Tr. m grae 
regions tend to always have lower insolation and higher albedo than | radiation that reaches a region of Earth's water at midday is 5% to Explain w 
other regions on Earth. As a result, at polar latitudes (90* S or 90* N), t EE this percent would vary during the day. 
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there tends to be less incoming radiation than outgoing radiation 
(Figure D2.16). 


Systems 


1 Outline the effect of the angle of inclination 
on the amount of solar energy that reaches 
Barth. 
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[ 0.0 Thermal Energy Transfer in the 
Atmosphere 


Thermal energy transfer is the movement of thermal energy from an area of 
high temperature to an area of low temperature. Suppose you brought a 
bicycle outdoors on a cold day. The temperature of the bicycle would fall to 
the same temperature as the air outside. If vou were then to bring the bicycle 
back inside, the temperature of the bicycle would increase to tbe indoor 
temperature. In this example. thermal energy first was transferred from the 
bicycle to the air, and then from the air to the bicycle. Thermal energy 
transfer can occur by conduction or convection. 


Conduction and Convection 


Radiation is the emission of energy as particles or waves. When radiant 
energy encounters particles of matter, it may be reflected or absorbed 
Absorbed energy can increase the movement of the particles (their kinetic 
energy). An increase in kinetic energy increases the temperature of the 
matter. Any substance at a higher temperature than its surroundings will 
emit radiant energy, usually as infrared radiation. For example, the Sun radi- 
ates energy in the form of electromagnetic waves (solar energy). some of 
which travels to Earth. When this radiant energy reaches Earth's atmosphere, 
some of it is absorbed by particles of matter, such as molecules of carbon 
dioxide gas. The absorbed radiant energy increases the kinetic energy of the 
carbon dioxide molecules, and the temperature of the carbon dioxide gas 
increases. The warmed carbon dioxide gas may then transfer some of its 
thermal energy to substances at lower temperatures, or re-emit it as infrared 
radiation. 

Conduction is the transfer of thermal energy through direct contact 
between the particles of à substance. without moving the particles to a new 
location. Thermal energy transfer by conduction usually takes place in 
solids. Recall that particles in a solid all have a certain average kinetic energy. 
During conduction, particles with more kinetic energy transfer some of their 
energy to neighbouring particles with lower kinetic energy. This increases 
the kinetic energy of the neighbouring particles, which may in turn transfer 
energy to other neighbouring parti- 
cles, increasing their kinetic energy. 
For example, in Figure D2.17, the 
burner is radiating energy to the solid 
metal pan. The particles of metal 
closest to tbe burner absorb some of 
this radiated energy and increase in 
kinetic energy. These particles can 
then transfer energy to neighbouring 
particles, causing an increase in 


temperature. 
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Convection is transfer of thermal energy through the movement of 
particles from one location to another. Thermal energy transfer by 
convection usually occurs in fluids, which are substances with no defi- 
nite shape (such as gases and liquids). During convection. the 
movement of the particles forms a current, or a flow from one place to 
another in one direction. For example, when the water in the pot in 
Figure D2.18 absorbs energy from the burner, the water molecules 
increase in kinetic energy. The water molecules then begin to move 
apart from one another, causing the water to expand in volume. This 
expansion lowers the density, or mass per volume. of the water. The less 
dense weter will rise to the top. forming an upward convection current. 
When it contacts the cooler air at the surface, the water will cool and 


contract. which increases its density and forms a downward convection 


current (Figure D2.18). 


tivity 83 


QuickLab 


DDD 


Convectior transters 
thermal ergy (trough Te Toemen of 
particles tom one location 10 another 


@ On a cen sheet of paper. create a table that will allow 
you to record the two temperature reaGings trom sach 
thermometer. You will use the rest of the sheet to 
record your observations. 


‘© Your teacher wil measure the initial temperature of the 
water with both thermometers. Record these measure- 
ments. 


© Your teacher wil now add one drop of food colouring 
below each thermometer. Observe and record the 
movement of the tood colouring. 


O You teacher will light the iea light and place it at the 
centre of one end of the pan. Observe and record what 
happens to the food colouring over the next 10 min. 


© After 10 min, your teacher will measure the final 
temperature of the water with both thermometers. 
Record these measurements. 


Questions 


1. in a table, compare and contrast the movement of the 
food colouring before and after the water was heated. 


2. Write a paragraph to summarize your observations. In a 
second paragraph, Gsouss how this activity illustrated 
Dermal energy transtes in the atmosphere. 


3. Han opes bottle of pertume were heated, would the 
effect be similar to the results of this activity? Explain 
your reasoning. 
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Effects of Thermal Energy Transfer in the Activity B10 


Atmosphere QuickLab 
^mperature of the atmosphere tends to increase in areas close to or on 
r. As the heated atmospheric gases gain energy and expand, the air , 

becomes less dense and risos. In areas close to or at the poles, the temperature The Coriolis Effect e Label the centre of the circie as the North Pole, and the 
of the atmosphere tends to decrease. Here, the cooling atmospheric gases lose Outer edge as the equator. 
energy and contract, and the air becomes denser and falls. If the Earth were Purpose o Draw a clockwise arrow on the circle at the edge. to indi- 
not spinning. there would be a continuous convection current between the To model the Coriolis effect Cate the direction of Earth's rotation, 
polar and th quatorial regions (Figure D2.20). o To demonstrate the Coriolis effect, have a partner rotate 

Atmospheric pressure is tho pressure exerted by the mass of air above any the circle as you draw a straight line from the North Pole 
point on Earth's surface. Since warm air is less dense than cold air, warmer Materials and Equipment to the equator. 
regions of the atmosphere exert less atmospheric pressure than cooler regions. piece of cardboard at least 30 cm wide 


Wind is the movement of cool air from these areas of high pressure to areas of 


Questions 


nail or large pin 
pen or marker 1. Look at the Ene drawn on the cardboard circle. Which 
direction does the kno twist? 


low pressure. The rising and sinking masses of air in convection currents 
cause changes in atmospheric pressure, which cause wind 


Procedure 2. What does the twisting ine represent? 


O Cuta circle of at esst 30 cm in diameter trom a piece of . How did this activity model wa Coriolis eftect? 
cardboard. Put the nail or pin into the exact centre of the 4. If you repeated this activity oa the underside of the 
circle so that it spins freely. circle, which way would the lines twist? 


To better visualize the Coriolis effect, imagine you were to launch a rocket 
at high speed southward from the North Pole. Your rocket would not just 
travel a straight line south from where you launched it. As the rocket 
travelled south, Earth would be rotating beneath it, deflecting the path of the 
rocket westward to the right. If you launched the rocket from the South Pole 
to the equator instead, the Earth's rotation would agsin deflect the path of the 
rocket westward, which is now to the left (Figure D2 21) 


N 
/ Not Poe 


would cause these conve 
Currents, # Ear did not 
Objects moving toward Ne equator detect 
1o the right in v Norfwern Henisphero 
The Coriolis Effect 

The difference between the net radiation budget at the poles and at the 
equator tends to cause air to move directly north and south. However, since 
Earth is rotating on its axis, the winds are deflected either toward the right or 
toward the left. The Coriolis effect is the deflection of any object from a 
straight line path by the rotation of Earth. The Coriolis effect causes moving 
air or wind to turn right in the Northern Hemisphere and left in the Southern 
Hemisphere. 
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The Cape Denison- 
Commonwealth Bay region 
of Adelie Land, Antarctica is 
the windiest place on Earth. 
The mean annual wind 
speed is 90 km/h, but winds 
can feach speeds up to 

320 km/h. 


FIGURE dz 221 
patterns are caused by the unequal 
heating of Earth's atmosphere and 
the deflection of winds by the 
Coriolis effect, The trade winds and 
polar easterlies tend to blow to the 
east, and the westerlies tend to o 
to the west The Goldens ae a 
region of very low winds in a band 
about the equator 


Global Wind Patterns 


The convection currents in the atmosphere and the Coriolis effect result in 
the global wind patterns shown in Figure D2.22. Global winds transfer 
thermal energy from areas of not radiation budget surplus to areas of net radi- 
ation budget deficit. If this did not occur, areas at or near the equator would 
grow very hot while the rest of Earth would become much colder. 

In regions at and near the equator, the rising current of air causes winds 
that blow steadily northeast and southeast, called the trade winds. Trade 
winds are caused by the action of the Coriolis effect, which deflects the rising 
currents of air to the northeast in the Northern Hemisphere and the southeast 
in the Southern Hemisphere. At latitudes of about 30° N and 30° S, some of 
the warm air from the equator is sufficiently cooled that it begins to sink and 
move back toward the equator. The rest of the warm air moves toward the 
poles and is pushed east by the Coriolis effect. which causes cold air to rush 
in, in a westward direction, This gives rise to the westerly winds that prevail 
at the latitudes between 30° and 60° in both directions from the equator. At 
the poles, sinking cold air is pushed eastward. forming easterly winds. 
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Jet Streams 


Local conditions such as the presence of continents or large bodies of water 
also affect wind patterns. Earth's surface and the density of the tropospbere 
produce friction, which slows global winds. A jet stream is a band of 
fast-moving air in the stratosphere. Because of their high altitude, these winds 
are not subject to as much friction, and so are much faster than winds closer 
to Earth's surface. 
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Earth has several jet streams, which circle Earth at various latitudes. 
There are usually two or threo jet streams in the Northern Hemisphere and in 
the Southern Hemisphere. Like the surface winds, jet streams are also formed 
by the convection currents in Earth's atmosphere. Their speed and tempera- 
ture vary with the amount of thermal energy in the atmosphere. During the 
cooler months, the jet streams tend to be closer to the equator and to move 
more quickly. Changes in the jot streams affect the formation of severe 
weather events such as squalls. storms, and cyclones. The movements of the 
jet streams, particularly those in polar regions, can also affect the movement 
of the air at lower levels of the atmosphere. Changes in the jet streams are 
therefore very important to predicting weather changes, and so you are likely 
to hear them mentioned during weather forecasts. 


[SEARCH 


Jet streams wese first 
discovered by pilots during 
the Second World War, The 
pilots noticed that it took 
less time to fly to Britain 


; from the United States than 


it did to fly from the United 
States to Britain. Using 
print and electronic 
resources, find out how the 
aviation industry uses jet 


Check and Reflect 


Knowledge 


1. Describe the offect of the unequal 
distribution of thermal energy on Earth on 
the temperature of the atmosphero. 


2. Name three methods of thermal energy 
transfer. 


3. Compare and contrast conduction and 
convection. 

4. Identify what is transferred by global winds. 

5. Explain why uir moves from areas of high 
atmospheric pressure to areas of low 
atmospheric pressure. 

6. Describe the Coriolis offect. 


7. Explain how the Coriolis effect influences 
the direction of wind in the Northern 
Hemisphere. 

8. What are the trade winds and where do they 
occur? 

9. What are jet streams? 


10. Explain why jet streams are faster than other 


Applications 


11. Create a diagram to illustrate how convection 
transfers heat. 


streams today. Begin your 

search at 

í WWW peasoned ca/ 
schooiscence 10 


12. If a high-pressure system is approaching 
from the west, predict the direction in which 
the winds will most likely be blowing. 
Explain your answer. 


13. Explain why the air at the equator moves 
toward the poles. 


14. Draw an illustration showing the deflection 
of the path of a rocket launched in a direct 
line from the equator toward the North Pole. 
Would the path of the rocket be deflected in 
the same way if it were launched in a direct 
line from the equator toward the South Pole? 


Explain. 


Extensions 


15. Describe how conditions in the biosphere 
might differ if air transferred thermal energy 
by conduction, instead of by convection. 


16. Suppose a planet was discovered that was 
Earth's twin in all physical and geographic 
foatures, excopt that the planet did not rotate. 
How would the pattern of global winds on 
this planet compare to those of Earth? 

17. The trade winds were once very important to 
sailing ships that travelled between Europe 
and South America. Suggest a reason to 
explain this fact. 
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infoBIT 


El Mino (little boy) is a 
regularly ocasting change 
in weather pattems cassed 
by changes in ocean 
currents. El Niño occurs 
when an unusually warn 
surface ocean current 
displaces colder seas in the 
eastern and central Pacific 
Ocean and interacts with 
the atmosphere above. H 
Nino has been linked to 
ficoding. droughts. high 
winds, and other severe 
weather events. Its coonter- 
part. La Niža (little giri), is 
associated with colder-than- 
usual sea surface 
temperatures in the region. 


Ocean cu enen trom $e 
Surface of the ocean 10 a EGN of 
Deu 100 m, aad ratiect the partera 
of Earth's piota wines 


[2.3 Thermal Energy Transfer in the 
Hydrosphere 


The hydrosphere transfers thermal energy from the warmer latitudes near to 
the equator to cooler areas near the poles, through the action of global winds. 
Figure D2.23 shows the major pattern of the surface currents of Earth's 
oceans. The warmer waters near the equator are driven by the trade winds 
that prevail between the equator and latitudes 30° N and 30° S. The westerly 
winds that prevail between latitudes 30° and 60° N and S tend to bring warm 
waters down toward the poles, and the easterlies that prevail from latitudes 
60° N and S to the poles tend to drive cooler waters up towgrd the equator. As 
with global winds, the pattern of surface ocean currents is modified by the 
Coriolis effect. Currents in the Northern Hemisphere are driven clockwise. 
and currents in the Southern Hemisphere are driven counterclockwise. 
Earth's continents also affect the general pattern of the ocean's currents, 
however. The currents change direction when they encounter a large land 
mass. Some coastal regions, such as the west coast of British Columbia, expe- 
rience a continuous current of warm water, whereas other regions. such as 
the east coast of Labrador, experience a continuous current of cold water. 


Thermal energy is also transferred vertically through the oceans and 
other bodies of water. through convection currents (Figure D2.24). As does 
air, the density of water decreases when its temperature increases, so warm 
water tends to rise. Cooler water is more dense, so it tends to sink. 
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Specific Heat Capacity 


Earlier in this unit, you were asked to consider the climates of three Canadian 
Cities: Vancouver, BC (latitude 49.11* NI. Lethbridge, AB (49.38* Nl. and 
Gander, NF (48.56* NI Since they are at similar latitudes, you now know that 
(westerlies). Yet the average temperatures of these cities between 1971 and 
2000 varied considerably, according to Environment Canada records 
(Table D2.1). 


Vancouver is situated on the west coast (next to a warm ocean 
current). Lethbridge is in southern Alberta (an area with no large bodies of 
water), and Gander is situated on the east coast (next to a cold ocean 
current). Large bodies of water can have a profound effect on climate. 

Climate variations in regions at similar latitudes can be caused by 
differences in the thermal properties of substances in those regions, 
which can lead to uneven heating and cooling. Every substance has 
particular thermal properties. one of which is the amount of energy that 
the substance can absorb before it changes temperature. For example, 
leave the lawn chair in direct sunlight with a glass of water beside it. If 
you were to return to the chair in an hour, you would likely find that the 
aluminium chair was too hot to touch. The water would likely be very 
warm, but it would not be too hot to touch. Water can absorb a large 
quantity of thermal enerzy before it changes temperature. 

The specific beat capacity (c) of a substance is tke amount of energy 
required to raise the temperature of 1 g of the substance by 1'C. The 
theoretical specific heat capacity of water is 4.19 Jg. C. whereas the 
theoretical specific heat capacity of aluminium is 0.897 U C Regions on 
Earth's surface that have little water tend to heat and cool more rapidly 
than regions at similar latitudes with a lot of water. 

Because water has a relatively large specific heat capacity, it takes a 
considerable amount of energy to increase tbe temperature of a mass of 
water (Figure D2.25). Similarly, a large amount of energy is released from 
a mass of water when the temperature of the water decreases. Water there- 
fore heats up and cools down slowly compared to many other substances. 
About 70% of Earth's surface is covered by water, so the capacity of water 
to absorb thermal energy has a great effect on climate. Substances that 
make up the lithosphere generally have a lower specific heat capacity 
than weter. This in part is why the air temperature tends to vary more 
with the seasons in Lethbridge than in Vancouver. 
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The specific heat capacity of water is also much higher than that of air. 
As a result, the average air temperature over a body of water varies far less 
than the air temperature over land in tbe same region. Water can absorb a 
large quantity of thermal energy from the atmosphere without changing 
temperature. As a result, coastal areas experience less variation in tempera- 
ture than inland areas. Coastal areas also tend to be warmer than non-coastal 
regions when they are close to warm ocean currents, and cooler when they 
are close to cool ocean currents. For example. in Vancouver, the warm ocean 
currents help to maintain relatively warm air temperatures in Jantary, and 
the relatively warm average annual temperature of 10.1*C. In Gander, the 
cool ocean currents help to maintain relatively cool air temperatures in July, 
and the relatively cool average annual temperature of 3.8*C. 


Quantity of Thermal Energy, O 


The quantity of thermal energy, Q. is the amount of thermal energy absorbed 
or released when the temperature of a specific mass of substance changes by 
a certain number of degrees. Q can be calculated by the following equation: 


Q= mcM 


where Qis the quantity of thermal energy. in J. 

m is the mass of the substance, in g. 

c is the specific heat capacity of the substance, in Ig. C. and 

At is the change in temperature, in °C 

To determine Q. vou must know the value for the specific heat capacity, 
c, of the substance. The specific heat capacity of a substance can be deter- 
mined using a calorimeter. A calorimeter is any device used to determine 
the transfer of thermal energy. A calorimeter can be as simple as nested foam 
coffee cups, like the device shown in Figure D2.26. When you use a 
calorimeter, you assume that any energy that is released can be detected as a 
change in the temperature inside the calorimeter. Scientists use calorimeters 
to determine the specific heat capacities of many substances, which are then 
published in reference materials. 

The other two variables in the 
equation can be directly measured. 
Mass is measured in grams, using a 
balance. The change in temperature is 
determined by measuring the temper- 
ature of a substance before energy is 
added or removed. and the highest 
temperature that substance reaches at 
the end of the experiment. 
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Example Probiem D2.1 

A 50.0-g mass of water at 25.0°C is beated to 50.0°C on a hot plate. Given that 
the theoretical specific heat capacity of water is 4.19 Jg. C. determine the 
value for Q. 


At = 50 C- o 
= 250C 


The mass. m. is 50.0 g and the specific heat capacity, c. is 4.19 UK 
Therefore: 


Q = most 
= (50.0g) (4.19 Vg) (25.0) 
= 523725] Practice Problems 
= 52a 1. A 200-g mass of water at 4.00°C is 


allowed to warm to 220°C Determine 
the amount of thermal energy, Q. 
absorbed. The theoretical specific heat 


The amount of thermal energy added, Q, was 5.24 kj. 


capacity of water is 4.19 UC 

2. A 100.0-g mass of water is at 23.0*C. 
Determine the quantity of thermal 
energy. Q. required to increase the 
temperature of the water to 1000 
The theoretical specific heat capacity 
of water is 4.19 /g^C. 


Example Problem D2.2 
How much thermal energy must be released to decrease tbe temperature of 
1.00 kg of water by 10.0°C, given that the theoretical specific heat capacity of 


water is 4.19 V/g^C? 
Mass. m, is 1.00 kg or 1000 g. Therefore: 
Q eat Practice Problems 
Q = (10008) Kr. UE lid 3. Calculate the amount of thermal energy 
= 41900] that must be released to decrease the 
reb temperature of 20.0 g of water by 15.0 U 


given that the theoretical specific heat 


capacity of water is 4.19 lg. C. 


‘To decrease the temperature of 1.00 kg of water by 10°C. 


41.9 kJ of thermal energy must be released. 4. Determine the quantity of energy 


required to warm a 1.00-kg block of ice 
from —15.0°C to C The theoretical 
specific heat capacity of ice is 2.00 J/g-*C. 
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Provided that three of the variables are known, this equation can be solved 


for any of Q m. c, or At 


Example Problem D2.3 

Calculate the change in temperature, A. that occurs when 8.38 Kj of thermal 

energy is added to 100.0 g of water. The theoretical specific beat 

Practice Problems capacity of water is 4.19 J/g^C. 

5. Calculate the change in 
temperature, At. that occurs 
when 255 kj of thermal energy 


First, convert the amount of energy from kj to J. 


8.38 kj —(8.38 kf) (1000 Vkf) 


is added to 3.0 kg of water. The = 8380] 
theoretical specific beat 


~ 


Then, rearrange the equation as follows: 
capacity of water is 4.19 /g°C 


Q = mcM 
$. Calculate and compere the aere 
changes in temperature, Af, that mc . 
occur when 500 J of thermal 8380 J 


energy is removed from 1.00 kg = {100.0 g) (4.19 J/g^C) 
of water, and when 500 J of - 269°C 
thermal] energy is removed 
from 1.00 kg of iron. The 
theoretical specific heat 
capacity of water is 4.19 Vg^C, 
and the theoretical specific heat 
capacity of iron is 0.449 g- C 


When 8.38 kj of thermal energy is added to 100.0 g of water, the 
temperature changes by 20.07C. 


Example Problem D2.4 


When 21.6 J of thermal energy is added to a 2.0-g mass of iron, the 
temperature of the iron increases by 24.0°C_ What is the experimental 


specific heat capacity of iron? 
First. rearrange tbe equation to solve for specific heat capacity, c: 
Practice Problems Q^ meat 
7. When 574 J of thermal energy c= 2 
is added to 20.0 g of 
aluminium, the temperature "e»BOUS 
LI 


The experimental specific heat capacity of iron is 0.45 J/g-^C. 
Although the theoretical specific heat capacity of iron is 
0.449 /g C. the experimental value is slightly higher. The differ- 


decreases by 15.0°C. 
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CAUTION in this lab, you will wert with solids and 
liquids bested to 100°C. Use extreme care. H you are 
maiurt of any steps in the procedure. ask before you 


Changes in the quantity of thermal energy, Q. of any 
‘Substance can be determined by measuring the change in 
temperature of the water within a simple calorimeter. This 
method assumes that, when the substance is placed inside. 
al the tema energy released or absorbed by the substance 
is absorbed cr released by the water in the calorimeter In 
this investigation, you will raise the temperature of two 
substances from room temperature to 100.0°C. You wil 
then use a calorimeter and the equation Q = mes! to deter- 
mine the specific heat capacities of the substances from 
your experimental data. Finally, you will compare your 
experimental values with the theoretcal values 


The Question 
How different are the specific heat capacities of iroa and 


foam lid to fit foam cups 
2 mt beaker 
hot plate 


Procedure 

O Read trough the procedure, and then design a data 
table to record your observations. Your data table will 
need space for at least five entries for each substance. 


O Make a simple calorimeter by first placing one of the 


foam cups ints the other. Thea make 2 hole in he foam 
hd fat i5 large enough to insert me thermometer Make 
a second hole to fit the stirring rod. 


‘© Using the balance. determine the masses of the iron 
and the empty calorimeter. Record the masses in your 
ata table. 


‘© Ade 100 mi of water to a 250-mL bester Place the 
beaker on the hot plate and bring the water to a doil One 
person in your group must aways monitor the water. 


© Determine the temperature of the boiling water to the 
nearest 0.1°C. Record your observation. 


O Pace the piece of ron into the bolling water for 5 min. 


O Write the iron is in the doling water, pour 50 mL of 
room-temperature water into the calorimeter. 
Determine the initial temperature of the water in the 
calorimeter to the nearest 0.1°C, and record your 
observation, 


O After 5 min have passed, use the tongs to carefully 
remove the iron trom the dong water. immediately 
place the iron inte the calorimeter so that the iron is 
completely submerged. If necessary. add additional 
room-temperature water. Altach the lid, and insert the 
thermometer and stirring rod. Make sure the — 
thermometer is nat touching the piece of iroa. 


© Geay stir the water in the calorimeter with the stirring 
roc Measure and record the maximum temperature - 
reached by the water in the calorimeter. to the nearest 
0c. 


O Remove the metat thermometer, and stiering rod, and 
then determine the mass of the water in the calorimeter. 


O Repeat steps 1 through 10, using small piece of copper. 
Analyzing and Interpreting 


1. Calculate the temperature change, At of the water n Tz 


2. Determine the amount of heat, Q that was absorbed by 
the water in the calorimeter after the iron was added. 
‘The theoretical specific heat capacity of water is 
439 Jg*C. 


Calculate the temperature change. At, for the piece of 
iron, 


Using the mass of the iron and the equation Q= mest 
Calculate your experimental value for the specific heat 
capacity of iron. Asseme that the quantity of thermal 
energy. Q released by the iron is equal to the quantity of 
thermal energy absorbed by the water. 


Repeat steps 1 to 4 using your data for the piece of 
copper. 


The theoretical value for the specific heat capacity of 


iron is 0.449 J/g-*C. The theoretical value for the 
specific heat capacity of copper is 0.385 J/g-*C. 
Determine the percest error of your experimental values. 
for the specific heat capacity of iron and of copper. 
Percent error can de calculated trom the foBawing 


Forming Conclusions 
7. Compare the specitic heat capacities of iron and copper, 


referring to your data. Write 2 lab report summarizing 
your experiment. 


8. Ina paragraph, compare the temperature change of the 


iron to the temperature change of the water. Assuming 
that all the thermal energy lost by the iron was trans- 
ferred to the water, comment on the effect of the 
specific heat capacity of water on maintaining Earth's 
average global temperature. 


9. Discuss how differences in the specitic heat capacity of 


substances can contribute to uneven heating and 
cooling of Earth's surface. 


. 


formula: 


—— akan — mc tl ck 


noB 0 
It is estimated that there 
are about 1.39 billion cubic 
kilometres of water on 
Earth, but only 12 900 cubic 
kilometres are ín the 
atmosphere at any one time. 
If all the water were to fall 
out of the atmosphere, the 
Ethosphere would be 
covered in an average depth 
cf water of 2.5 cm. 


The Hydrologic Cycle and Energy Transfer 


The water of the hydrosphere may be present as liquid water, as solid ice or 
snow, or as water vapour in the atmosphere. Water molecules are also found 
within the cells and tissues of tho living organisms found in the biosphere. 
Water molecules are constantly moving among the components of the 
biosphere through the action of the hydrologic cycle (also called the water 
cycle). At various stages in tbe hydrologic cycle. water molecules undergo 
change in phase (state), from solid to liquid to vapour, and back again 

As shown in Figure D2.27, water leaves the atmosphere as precipitation, 
either as a solid (snow or hail) or as a liquid (rain). Some of the solid precip- 
itation then melts and returns to the liquid phase. Most of the liquid water 
from precipitation collects in large bodies of water such as lakes and oceans, 
and a smaller amount stays in the soil of the lithosphere. All living organ- 
isms, including plants, take in water for use in cellular processes and then 
release water back to the atmosphere as water vapour during respiration. 
Plants also take up a proportion of the liquid water in the biosphere and use 
it for photosynthesis. Transpiration brings water up from the soil in the litho- 
sphere through the roots. Any water that is not used by the plant is then 
returned to the atmosphere as water vapour, through microscopic pores in 
the plants leaves. Most water (about 90%) returns to the atmosphere through 
evaporation from large bodies of water on Earth's surface. During evaporation, 
water changes from the liquid phase to the vapour phase. The hydrologic cycle 
therefore moves water between the components of the biosphere. 
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Whenever water changes phase, thermal 
energy is either released or absorbed. The 
temperature of the water remains the same 
during a phase change, even though the 
quantity of thermal energy increases or 
decreases. Thermal energy is released when 
water goes from liquid to solid. When liquid 
water changes to water vapour, thermal 
energy is absorbed. Through such changes of 
state, the hydrologic cycle therefore also 
transfers thermal energy through the bio- 
sphere. 

The hydrologic cycle also moves 
thermal energy, through absorption and release of 
energy by the attractive forces (bonds) that hold the 
water molecules together. Recall that during the hydro- 
logic cycle, water changes phase many times. When any 
substance changes from solid phase to liquid phase. or from 
liquid phase to vapour phase, the bonds between the particles 
become weaker and break. Breaking bonds always requires absorption 
of energy. In contrast, when any substance changes from vapour phase to 
liquid phase, or from vapour phase to solid phase, new bonds are formed 
between the particles. Bond formation always releases energy. When energy 
is released or absorbed by the bonds between particles during a phase 
change, energy is transferred. However, when bonds break or form during a 
phase change, the temperature of the substance does not change. 
Temperature change only occurs when there is an increase or decrease in the 
kinetic energy of the particles. Since the energy is used to break bonds 
between the particles, this energy is not available to increase the kinetic 
energy of the particles. 

Since water molecules undergo many phase changes during the hydro- 
logic cycle, a lot of energy is transferred ín the biosphere without any 
changes in temperature of the water. This helps to keep the average tempora- 
ture of Earth relatively stable. For example, incoming solar energy used to 
break bonds, and so evaporate water molecules from the ocean or melt snow 
on land, is not available to increase the temperature of any component of the 


biosphere. 


snow mats 
(solid to q 


Hcat of Fusion and Heat of Vaporization 


The heat of fusion of a substance is the amount of energy absorbed when 
1 mol of the substance changes from solid phase to liquid phase. without a 
change in temperature. The energy released during the reverse phase change, 
when 1 mol of a solid forms, is referred to as the heat of solidification 
(Figure D2.28). The heat of vaporization of a substance is the amount of 
energy absorbed when 1 mol of the substance changes from liquid phase to 
vapour phase, without a change in temperature (Figure D2.29). The energy 
released during the reverse phase change, when 1 mol of a vapour condenses 
to a liquid, is called the heat of condensation. 


i 


precipitaton retures water to Earth's 
sertace (vapour to liquider solid) 


Tre*yirsoge 


cycle ewclves many phase changes 


nin 
absorbed by water 25 It changes trom 
the ligue phase to the vapour phase. 
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Activity 012 


QuickLab 
Temperature and Phase Change 


Purpose 
To observe the temperature changes of water as it Changes 
phase 


Materials and Equipment 
250-mL beaker 

hot plate 

retort stand 

clamp 
thermometer or temperature probe 
crushed ice 


graph paper, graphing calculator, or spreadsheet 
software 


Procedure 


O in your notebook or a spreadsheet file. construct a data 
| table similar to the one shown. You will need more rows 
than in the example. 


© Add crushed ice to the beaker until it is about half ful. 


O Piace the beaker on a hot plate, Carefully place the 
thermometer in the ice. The bulb of the thermometer 
should de just above the bottom of the Deaker. Attach 
the thermometer tb the clamp on the retort stand. Tum 
on the hot plate to its highest setting. 


© Wear heat-proot protective gloves while working. 
Measure and record the temperature of the ice-water 
mixture every 30 s, until the water in the beaker has 
boiled for 3 min. 


Q Tum off the hot plate. 


Questions 
1. Construct a line graph of your data 
2. in one or two sentences, describe the shape of your graph. 


3. Based on your datz, explain what happens te the 
temperature of water as it changes phase from solid to 
liquid and from bquid to gas (water vapour). 


4. Identify the manipulated and the responding variable in 
this investigation. 


In Activity D12 QuickLab, you heated a beaker of ice until the water 
turned to steam. During heating, the water underwent two phase changes: 
first from solid to liquid, then from liquid to gas. The temperature of the water 
remained at about 0°C for all the time that ice remained in the beaker. While 
the water was boiling, the temperature remained at about 100°C. These 
results are shown graphically in Figure D2.30, the heating curve of water. 

When thermal energy was first added to the ice, the temperature of the 
ice increased. During this stage of the experiment, the absorbed thermal 
energy was converted to kinetic energy of the water molecules. This was 
detected as an increase in temperature. When water changed phase from 
solid to liquid, the temperature of the water remained at 0°C for some time, 
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Temperature (°C) 


Time (mia) 


which is shown by the first flat area in the heating curve, and is labelled 
“melting or fusion." At this stage. the absorbed thermal energy was no longer 
being converted to kinetic energy, but was absorbed by the forces between the 
water molecules. When these forces gained sufficient potential energy, they 
became disrupted, and the water changed from solid phase to liquid phase. 
After this phase change was completed (when all the ice was melted), the 
thermal energy absorbed by the liquid water was again converted into kinetic 
energy, so the temperature of the liquid water rose. At the boiling point of 
water, the absorbed thermal energy again was absorbed by the intermolecular 
forces, causing them to break. We know this because the temperature of the 
water again remained constant, giving ríse to the second flat area on the 
heating curve, at 100*C. 


Calculating Heat of Fusion and Heat of Vaporization 
The amount of energy absorbed or released during a phase change from solid 
to liquid by a known amount of any substance can be calculated from the 
following formula: 


1. 2. 

where H,, is the heat of fusion, in kj/mol, 

Qis the quantity of thermal energy. in kj, and 

n is the amount of the substance, in mol 
To determine H., vou must know the quantity of thermal energy that was 
added and the molar amount of the substance. Scientists bave determined 
the heats of fusion of many substances, and these values are available in 
reference sources. The equation for H,.. may be rearranged and used to solve 
for either the quantity of thermal energy or the molar amount of a substance. 
using tbese published values. The theoretical heat of fusion of ice is 
6.01 kj/mol. 


Win 
Of water remains Constant duning a 
phase change. The temperatures 
shown are for water at saa level. The 
exact temperatures a which phase 
changes occur will vary slightly with 
changes in atitude. The shape ot he 
graph will always be the same 
however 
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The second flat area on Fi D2.30 is due to the absorption of thermal 
Problem D2.5 mad is 
E i 77... — . 
When 27.05 kJ of thermal energy is added to 4.50 mol of ice at 0.0°C, the 


30.65 The 2 
Practice Problems | ice molts complately. What is the experimen tal heat of fusion of wates? me 1 —— e 
9. When 0.751 kj of det — 2 eee 
thermal energy is added . 05k where II., is the heat of vaporization, in kmol, Pm tre E 
to 0.125 mol of ice at 4.50 mol Q is the quantity of thermal energy, in kJ, and wa ere 
0.0°C, tho ice changes = 60111111 P. n is the amount of the substance, in mol. schoolíscience 10 
phase. Calculate tbe mol 
experimental heat of «em H As for H, if the mass (m) of the substance changing phase is given or 
fusion of ice. mol required, the amount (n) of the substance can be determined by converting 
1. Flew much theceal The heat of fusion of ice is 6.01 kJ/mol. 2 peur noe te sci mt DO el Ci om 
energy is required to Although the theoretical value for H,,, of ice is 6.01 kJ/mol, the pepe Oe Eling indiens 
completely melt experimental value is slightly higher than this before rounding, due to the 
3.20 mol of ice at 0.0°C? | limits of accuracy in measurement. The level of accuracy is indicated by Example Problem D2.7 
11: Calculate the is the number of significant digits in the final answer. When 150 g of water changes from liquid to vapour phase, 339 kJ of energy is 
moles of ice at 0.0°C that absorbed. Determine the experimental beat of vaporization of water, given that 
can be melted by If the mass (m) of a substance is given or required, the amount (n) must the molar mass, M. of water is 18.02 g/mol. 
addition of 15.0 kJ of first be determined by converting from g to mol, using the equation below- 
thermal energy. ; = First determine the number of moles, n. in 150 g of water, using the molar mass: 
M m 


where n is the amount of the substance. in mol M 


m is the mass of the substance, in g, and owes 
M is the molar mass of the substance, in g/mol. 


= 832mol 
Example Problem D2.6 
When 5.00 g of ice melts, 1.67 kJ of thermal energy is absorbed. Calculate You can now determine experimental H,- 
the experimental heat of fusion of ice. The molar mass. M. of ice is =g 
18.02 g/mol. e" 
First determine the number of moles, n, in 5.00 g of ice: - amd 
m 
"TEM = 40755192 M. Practice Problems 
2 13. When 8.70 kj of thermal energy is added to 2.50 mol of 
—— Í - 407 1 liquid methanol, all the methanol enters the vapour 
= 02774694 mol l. 22. 
practice problem The experimental best of : 
IS Ha " E 250gof "T 
12. Determine the Hc 40.7 kj/mol. thermal energy is absorbed. Determine the experimental 
experimental beat of heat of vaporization of water, given that water has a 
fusion of copper, given =— 107 Dp wore crue pod sd molar mass, M, of 18.02 g/mol. 
that it takes 0.606 kJ of 02774694 mol Hp ia 4085 Himol- 
iaai enar io salé e value is slightly 15. Calculate the amount of thermal energy required to 
100 g of solid at = 6.01868 01 higher than this, due to the limits change 500 g of water from the liquid phase to the 
ee PRES of accuracy in measurement, vapour phase. The molar mass of water is 18.02 g/mol. 
= f 1 - 60d indicated by rounding the final and the theoretical beat of vaporization of water is 
pl m a copper ie answer to the correct number of 40.65 kj/mol. 
63.55 g/mol. The experimental heat of fusion of ice is 6.0 kj/mol, given to the significant digits. 
correct number of significant digits. h i 
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Activity D13 


Inquiry Lab 
Thermal Energy and Melting Ice 


The Question 
How much thermal energy is required to change the phase of 
water trom sold to Squid? 


A 
Materials and Equipment 

2 foam caps Thermometer 
sting rod ice codes 

balance paper towels 
100-mL graduated cylinder water 


| 
| 
| 
' 
| 


Procedure 


(Q) Make a caiorimeter by placing one foam cup inside the 
other 


© Using the balance, measure and record the mass of the 
empty calorimeter, including the thermometer and ssirring 
rod. Ensure that the calorimeter does sot tip over. 


© Using the graduated cylinder. add 50 ml of hot tap water 
to the calorimeter. The temperature of the water should be 
about 50°C. 


© Measure the mass of the calorimeter and water, including 
the stirring rod and thermometer. Calculate and record the 
mass of the water alone 


© essere and record the temperature of the water in the 
calorimeter to the nearest 0.1°C. 


O With a paper towel. dry any water trom two or three ice 
cubes and then add them to the calorimeter. Stir the 
mixture with the stirring rod. As soon as the ice cubes 
melt. measure and record the temperature of the water 


€) Using the balance, determine the mass of the full 
calorimeter. Calculate and record the mass of the melted 
ice cubes. 
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Analyzing and Interpreting 


1. Caiculate the amount of heat transferred trom the water to 
the ice cubes, using the mass of the melted ice cubes and 
the equation Q mest 


Given that the molar mass, M. of water is 18.02 g. 
Calculate the number of moles of ice that you added, using 
the foliowing equation: 
ai 
(M 
Use your data to calculate the experimental heat of fusion 
of ice im kJ/mol using the foliowing equation: 
9 
. = —- 
The theoretical value of H, of ice is 6.01 kJ/mol. 
Determine the percent error of your value using the 
foliowing formula 


jexperimeztai value - theoretical valoe) 
percent error = x10% 
- Teoretica value i 


Forming Conclusions 


S. Write a summary o! your findings. Compare the accepted 
value for A of water with the value you calculated trom 
your data. identity the sources of error for your aper- 
mental value 


— — — 3 


— — 
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Design a Lab 


Variables Affecting the Evaporation of 


Water 


Many variables can affect the rate at which water evaporates. 
In fhis investigation. you will design a controlled experiment 
that will allow you to determine how one variabie, that you 
select, affects the rate of water evaporation. 


The Question 


How does one particular variabie affect the rate of evapora- 
tion of water? 


Design and Conduct Your 

Investigation 

(Q) Make a list of variables that you think are likely to infiu- 
ence the rate of evaporation of water 


© Fox each variable on your list, write a hypothesis that 
predicts how changes in Tat variable will aftect me rate 
ol evaporation of water. 


© Write a plan for an invessigation that wil test the effect of 
one of these variables on the rate of evaporation of 
water. Clearty cutine all the steps Mat you will follow to 
complete your invesSgation. identfy the varables that 
you will control and the variable that will be manipulated. 


Phase Changes and Global Energy 
Transfer 


The phase changes that occur in the hydrologic cycle play a 


© List ali the materials and equipment you will need to 
Carry out your investigation. include only materials that 
you can find at home or in the science classroom. 

O Ust ali the safety precautions that need to be followed in 
your experiment. 

© Tum in your completed procedure to your teacher, Do 
not proceed until your teacher has approved your 
procedure. 


Q Perform your experiment. 


© Analyze your results. Do your data support your 
hypothesis? 


© Compare your expersmertal design and procedure with 
those of your classmates. identity any strengths aad 
weaknesses that are in the different experimental 
Gesigns. 

O State any probiems or questions mat you found during 
your investigation or analysis, that would need addi- 
Sonal investigation ts answer. 


significant role in the global transfer of thermal energy. When 
it evaporates, water absorbs 40.65 kJ of thermal energy per 
mol. When water vapour condenses into liquid water, an 
equivalent amount of thermal energy per mol is released into 
the atmosphere, which warms the air. This warmed air 
becomes less dense and rises. Rising air can sometimes start 
thunderstorms (Figure D2.31). or even hurricanes. 


— Thermal energy released by phase 


f| water Can Cause severe weather events 
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Check and Reflect 


Knowledge 

1. Describe how thermal energy is transferred 
through the hydrosphere. 

2. Show how water moves through the 
biosphere in a cyclic manner. 

3. Identify the sources of water vapour in the 
atmosphere. 

4. State the percent of Earth's surface that is 
covered by water. 

5. Create a pie chart illustrating the sources of 
water vapour in the atmosphere. 

6. Define the term "specific heat capacity." 

7. Identify the factors that must be considered 
in order to determine the specific heat 
capacity of any substance. 

B. The theoretical specific heat capacity of 
water is 4.19 /g-°C. Aluminium has a 
theoretical specific heat capacity of 
0.897 J/g:*C. If 1.00 g of water and 1.00 g of 
aluminium are both heated to 50.0°C, which 
substance will contain the greater quantity of 
thermal energy? 

9. Write an equation for the heat of fusion, and 
define each term in the equation. 

10. Define the term “heat of vaporization.” 


11. What is the difference between the heat of 
fusion and the heat of vaporization of a 
substance? 


Applications 

12. Describe any similarities between global wind 
patterns and global ocean current patterns. 

13. A large island, surrounded by ocean. has two 
cities at the same latitude. One city is 
situated on the west coast. and the other on 
the east coast. Cold ocean currents travel 
along tho west coast of the island. and warm 
ocean currents travel along the east coast. 
Which city do you predict would have tbe 
warmer average annual temperature? Explain 


your answer. 
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14. Calculate the amount of thermal energy 
required to raise the temperature of 3.0 kg of 
aluminium from 20.0°C to 80. C The 
theoretical specific heat capacity of 
aluminium is 0.897 /z-*C. 

15. Calculate the amount of thermal energy 
required to increase the temperature of 
2.00 kg of water by 20.0°C. The theoretical 
specific heat capacity of water is 4.19 J/g^C. 

16. A 2.50-g mass of iron is at 24.0°C. Determine 
the final temperature of the iron after it 
absorbs 13.5 J of thermal energy. The 
theoretical specific heat capacity of iron is 
049 fig >» 

7. When 60.0 J of thermal energy is added to a 
mass of copper. the temperature of the 
copper increases by 10.4°C. The specific beat 
capacity of copper is 0.385 J/g.^C. What mass 
of copper was heated? 

18. Calculate the experimental heat of 
vaporization of water, given that it requires 
81.4 kJ of thermal energy to vaporize 
2.00 mol of liquid water at 100.0*C. 


19. Explain why 100.0 g of liquid water at 
100.0°C contains less thermal energy than 
100.0 g of water vapour at 100.0*C. 


20. Calculate the amount of energy absorbed. 
when 45.0 g of ice at 0.0°C melts. The 
theoretical heat of fusion of water is 
6.01 kj/mol, and the molar mass of water 
is 18.02 g/mol. 


21. Determine how many moles of water at 
100.0°C will change from the liquid to the 
vapour phase by absorption of 488 k] of 
thermal energy. The theoretical heat of _ 
vaporization of water is 40.65 kj/mol. 


Extensions 


22. Explain why water in a lake is warmer in the 
fall than in the spring. 


23. A glass of water with ice cubes in it is left in 
à room at 24.0°C. Explain why the 
temperature of the water will remain at 
0.0°C, until all the ice is melted. 


124 Earth’s Biomes 


Although the biosphere provides environmental conditions that support life, 
these conditions are not the same everywhere on Earth. As a result, the types 
of life that can survive in a particular place are also not the same. A biome is 
a large geographical region with a particular range of temperature and 
precipitation levels, and the plants and animals that are adapted to those 
climate conditions. 


Biomes Are Open Systems 
Biomes function as a system. or a set of interconnected parts. The 
surroundings of a system is everything that is outside the system. Any 


system that exchanges matter and energy with its surroundings is an 
open system. Biomes are open systems because they exchange both matter 
and energy with their surroundings. A closed system does not exchange 
matter with its surroundings, but does exchange energy. Earth's hydrosphere 
is an example of 2 closed system. in which space is the surroundings. 

A cell is also an open system, since it exchanges matter and energy with 
its surroundings. Cells take in nutrients and energy and export wastes to their 
surroundings. which is the region outside the cell membrane. The cell 
system does this while maintaining conditions within a range necessary for 
life. For example, a cell would die if it were to allow too little or too much 
water to move inside Biomes are similar to cells in that they also exchange 
matter and energy with their surroundings (Figure D2.32). Like cells, biomes 
allow matter to move into and out of their boundaries. This matter comes 
from other biomes, and may be in the form of organisms that travel from one 
biome to the next, or chemicals that move through the hydrosphere, litho- 
sphere. or 

Like cells. biomes also need energy to survive. Virtually all the energy for 
a biome is supplied by solar energy. or energy from the Sun. This energy 
maintains the temperature of the biome, and is also used to provide food for 
organisms living in the biome. Energy can 
also leave the biome. Some energy is radi- 
ated out into space, and the rest is 
transferred to the other biomes. 


— 
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Minds On... | Open Systems” - = additional factors such as soil types, topography, and human activity. For 
y - example, in the Rocky Mountains, the topography changes dramatically. 
As a class, choose any two biomes in Figure 02.33 that are Working in smali groups. make a chart or point-form Here, the valleys and foothills usually are covered with thick coniferous 
located next to one another For each biome, brainstorm summary that describes how each of the exchanges on the forests, which support animals such as grizzly bears, marmots, and hawks, 
ways in which energy and matter can be moved in and cass list might occur. For example, you might suggest that As the elevation increases, however, the air becomes colder and can hold less 
moved out of the biome. Make your suggesSons as specific polen from a plant in one biome is blown into the second moisture, so eventually there is not enough water to support tree growth. 
as possible. For example, you might name species of biome. Above a certain elevation (the tree line}, only low-lying, drought-resistant 
organisms that are found in each or both of the biomes. How would your suggestions change if biomes were plants, such as mosses, and small animals, such as mice and other rodents, 
Keep a list of all the suggestions. Closed systems? Explain your answer. are found. 


Dividing Earth into biomes helps scientists to study and understand the 
] interactions between the living and non-living components of each biome, 


Earth's Biomes and how the biomes interact with one another. Biome divisions also make it 

. A , 151 ` " easier for scientists to predict how different groups of organisms may be 
Figure D2.33 shows regions of Earth's surface divided into six different " - z 
biomes. Although biomes have a definod range of temperature and precipita- affected by changes that may occur in a region, such as a decrease in precipi- 


tation. You may come across maps that show different biomes than in 
Figure D2.33. This is because scientists sometimes classify biomes in ways 


tion to which the plants and animals in the biome are adapted. the particular 
| other than in this textbook, depending on the nature of their studies. 
j 


plants and animals found in various regions of these biomes may vary, due to 
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Tundra 


Tundra can be found in tbe arctic regions of North America and Eurasia. Most 
tundra is found around the Arctic Circle, which is at latitude 66.33* N. At 
these latitudes, the number of hours of daylight varies greatly over the year. 
At the summer solstice, daylight lasts for 24 hours, but at the winter solstice, 
there is no daylight at all. Tundra biomes therefore receive very little solar 
energy during the winter months. Tbe annual amount of insolation in tundra 
biomes is the lowest of all the biomes, and ice and snow cover most of the 
tundra year-round. As a result, lower layers of the ground are permanently 
frozen (permafrost). The low insolation and high albedo from year-round 
ice- and snow-cover maintain very cold temperatures in tundra biomes. 
Tundra also has very little precipitation (Figure D2.34). As a result, rela- 
tively few plants and animals inhabit the tundra (Table D2 2). The plants and 
animals that live in the tundra are adapted to the conditions of that environ- 
ment. including the climate. Plants have a very short life cycle so they may 
complete reproduction during the brief summer season. Many are verv small 
and lie close to the ground, to limit their exposure to the cold and the high 
winds that are common in the tundra. Since there are few piants, the animals 
of the tundra mostly feed on fish and other animals. Small animals protect 
themselves from the cold by burrowing underground. while larger animals 
often have thick coats and squat bodies to reduce loss of thermal energy. 


Taiga 


Taiga is found in a broad belt around Earth, just south of the region of tundra 
biomes. Taiga is dominated by evergreen conifer trees, such as fir. pine, and 
spruce. Taiga may also be called boreal forest. There are few shrubs or bushes 
in taiga. because the thick conifer branches tend to block out most of the 
light. A few lichens, mosses, and ferns may be found in more open areas, 
however. Taiga has more precipitation and higher temperatures on average 
than tundra (Figure D2.35). Because of the insolation at these latitudes of 
Earth, taiga also has a longer growing season than tundra. As a result, more 
plants can survive in taiga than in tundra. which in turn support more 
animals (Table D2.3). Taiga covers much of Alberta. and is of great economic 
value as a source of forest products, such as lumber. 


| TABLE 02.3 | Craracterascs d Taga Bones 


* precipitation 40 to 100 cm/y, much as hot 
snow 

* average annual temp. 4°C to 14°C 

coc summers. cold winters 


Average Annual = 
Characteristics ct be Somes Temperate 
* precipitation > 20 omy. mostly as snow 
* average annual temp. -15°C to FC 
* wery short summer season (20-30 days) ET 
— — 
$ ion Average Amosnt 9h 
l of Preca 
f 


aga dones have cool summers, and long cold winter seasons 
wih mach soow There is tie water ar lub to: plants during De winter due 10 
tern 


The leaves of evergreen conifers, such as fir, cedar, and spruce, are 
needle-shaped and contain large amounts of resin. an adaptation which 
makes them resistant to the freezing and drought conditions of the long 
winter season. Evergreen conifers therefore can undergo photosynthesis 
year-round. Animals found in taiga biomes also have adaptations to increase 
their chances of surviving the long winter season. when food can be scarce 
and the weather cold. Most are relatively inactive during the winter, either 
hibernating or remaining in burrows. The coat colour of some animals, such 
as the arctic fox, changes from brown in the summer to white in the winter, 
providing year-round camouflage to help them to hunt or to avoid hunters. 
Birds of the taiga usually migrate in the fall, avoiding most of the winter 
weather. 


^ot 

Average Annual 
Temperature 
cold 


>» 
low Average Amosnt high 


BEREE Hac: rones xe very od a dry. im 
short uf and iong winter seasons 
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Deciduous Forest 

Deciduous forest biomes are distinguished by trees that lose their leaves each 
fall, such as oaks, maples, and ash. Deciduous forests are found in parts of 
North and South America, Europe, Asia. japan, and Australia, predomi- 
nantly between latitudes 30° N and 60° N. This type of biome has a more 
moderate climate (Figure D2.36) and a longer growing season than taiga. The 
variation in the amount of insolation during the year at these latitudes results 
in very distinct winter and summer seasons. Deciduous trees allow light to 
penetrate to the forest floor, so shrubs, mosses, lichens, and ferns are also 
common. This rich mixture of plants provides food and habitat for many 
kinds of animals (Table D2.4). 


EUOUEXH 40e Forest 
Bones 


| * precipitation 75 to 150 cmy 
© average annual temp. 14°C 10 27C 
| * well-defined summer and winter seasons 


© insects and birds: ground-dweliing birds 
(turkey. pheasant) 

© squirrels, rabbits, skunk, chipmunks 

* white-tailed deer, black bear, 5mber woli, red 

fox 


Average Amount high 
ot Precipitation 


GIHE 056 torent biomes tave ne climate wih distinct winter 
and sure seasons. Water is limited during winter. since most is frozen 


The annual average temperature of deciduous forests is higher than taiga, 
which enables broad-leaved trees to survive. Broad leaves, such as those of 
the maple, are more efficient at photosynthesis than needle-shaped leaves, 
but also freeze easily and lose high amounts of water through transpiration. 
By losing their leaves each fall. deciduous trees are protected from freezing 
and require little water during the winter season. Many animals in deciduous 
forests remain active year-round, but most time their reproduction to coin- 
cide with the spring or summer seasons, when food is plentiful and 
temperatures are milder. 
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Grassland 


Grassland biomes are grassy regions 
with few or no trees. Trees require far 
more water than grasses. This biome 
type occurs in any region where precipi- hot 
tation is at least 20 cm per year, and yet 
still too low to support the growth of 
trees [Figure D2.37). The average annual 
temperature of grassland biomes ranges 
from 4°C to 30 C. Grasslands occur on 


all continents, and may be known by Average Annual 
different names, depending on other Semper 
distinguishing f 

EEEE A pinc rev ize 

precptatos throughout mw year. and 253 have periods of 

Grouget, eimer in v (prairies) or during the dry season cold 


(savannas) Saami grassiancs have aam engeratures. 
whereas prairie grassiands have moderate temperatures. 


precipitation 25 to 57 cm/y 
average annual temp. °C 
10 18 
winter and summer 


in North America, grasslands are often referred to as prairie. Natural 
prairies are dominated by tallgrass or shortgrass plants, and may also contain 
drought-tolerant flowering plants known as forbs. Prairie regions have warm 
summers and cold winters. Most of the natural prairie of North America has 
disappeared and been replaced by agricultural land. In Alberta, for example. 
most crops are grown in regions that were once natura] prairie. Savannas are 
grasslands found in regions such as Africa. Central America. and Australia. 
The temperature in these regions does not vary much with the seasons, but 
there are pronounced seasonal differences in precipitation (a wet season and 
a dry season). As a result, savannas usually have scattered, drought-tolerant 
trees as well as grasses. 
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Although the particular species found in grassland regions can be very 
different (Table D2.5), they all are adapted to dry climate conditions. Grasses 
have extensive root systems that allow quick recovery from drought, cold, or 
grazing. Most die off each year and start from seed when weather conditions 
are suitable, thus avoiding the more difficult weather of the winter season of 
prairie grasslands or the dry season of savannas. Most grassland animals are 
grazers. Large grazers must be able to travel great distances, in order to find 
sufficient food. Grasslands also support small burrowing animals, which 
construct underground burrows to protect themselves from harsh weather 
and predators. Humans also rely on grasslands for much of their food. either 
directly as grasses (e.g, wheat and corn) or as products of grazing animals 
(eg. cattle and sheep). Alberta s agricultural industry depends on plants end 
animals that are adapted to a grassland biome. 


Rain Forest 


Rain forests contain the richest diversity of plants and animals of all the 
biomes. Rain forests have over 200 cm of rain every year and are always 
warm, conditions that allow plants to grow year-round (Figure D2.38). The 
dominant plants of rain forests are broad-leaved trees, which may be cither 
evergreen or deciduous, depending on the location of the rain forest. Many 
other plant species grow under and on these troes, such as vines that travel 
up entire tree trunks, or rootless air plants, which take up moisture through 
their leaves from the humid air. This rich plant life supports an equally rich 
population of animals (Table D2.6) 


| TASLE 92.8 | Characteristics of Rain Forest Biomes 


Climate 
f 


precipitation > 200 cm'y 
* average annual temp. 25°C to 30°C 
* may have short dry season 


—— 
© broad-leaved trees, evergreen and deciduous 


* vines and shrubs 


* air plants 


Animals 
LELB——ÓÁÁ——————ÓÉÁ—Á——Ó1 


e hummingbirds, parakeets, parrots, toucans 
* snakes, lizards, frogs 


* paca. agouti peccary, armadillo. coatimundi 
* monkeys, gorillas, jaguars. tigers 


Since rain forests have so many plants in any one area. the amount of 
shade varies at different levels of the forest. Many plants are adapted to maxi- 
mize their exposure to sunlight, which may include broad leaves, great 
height, or the ability to climb leg. vines). Others are adapted to life in rela- 
tive shade, and rely on larger plants to produce these conditions. Animals in 
the rain forest are active year-round, and have a wide variety of adaptations. 
Each species is specialized for life in a particular part of the rain forest. such 
as on the ground. at mid-tree level, or in the treetops. 


Desert 


A desert biome always has less than 25 cm of rainfall per year (Figure D2.39). 
and so has relatively little plant life. Some deserts, such as the Sahara, have 
as little as 2 cm of rain per year. Deserts receive high levels of insolation. and 
so are quite hot during the day. Since deserts lack water and plants. there is 
not enough material with sufficient heat capacity to retain thermal energy, so 
deserts aro quite cold at night. The most recognizable plants of the desert are 
the succulents, such as cacti, which store water in fleshy stems and leaves. 
Non-succulent plants are also found, such as drought-tolerant trees 
(Table D2.7). Deserts support a number of unique animal species adapted to 
the hot, dry climate. such as camels and running birds. Animals of the desert 
require relatively little water, and are often active only at night. 


Temperature 


P 


co 
low Average Amount high 
ct Preogutation 


Desert biomes are the driest biomes Temperature varies 
considerably during the day in deserts. wit very tet days aed cold nights 


Rain lorests are usay warm and moist throughout Te year. 
although some may be relatively dry for short periods. 
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hot 


Average Annual 
Temperature 


Biomes and Climate 


rth's biomes plays a major role in determining the 


nts and animals that can survive in and the types of adaptations 


Figure D2.40 summarizes th between the six biomes 


> temperature and precipitation. On th yrizontal axis, precipita- 


tion levels increase from left to right. On the vertical axis, temperature levels 


increase from bottom to top. Each biome is placed on the graph according to 


Note that this graph 


its average year: 


precipitation 


ons change gradually, 


shows very general trends only. Since clima! 
sti 


Earth have teristics intermediate between two biomes. 


there is no c t line between one biome and another, and many regions on 


Geoduous forest 


Average Amourt high 
ol PrecipitaSon 


| FIGURE 02 40 | The characteristics of each of Earth's biomes ane related 13 the climate conditions 
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Activity B15 


Problem-Solving Investigation 


Planning for Climate 


- Begin your search at www pearsoned ca’school’sciencat0 


Recognize a Need 

A research group is studying the living organisms found at 
various sites in Alberta (Figure 02.41). This year, one groep 
will be at Wood Buffalo National Park (near Fort Smith 
weather station) and a second group at Dinosaur Provincal 
Park (near Brooks weather station). The researchers will Sve 
in the park for ome year, and most of their work will be 
conducted outdoors. They will spend some of their time in 
remote regions of the park. 


The Problem 

Before the project can move ahead. all the needed supplies 
for each park must be identified. Since there is a limited 
amount of funding, only the minimum number of necessary 
items can be included. Research the climate conditions and 
identity the biome of each park. Based on this information, 
plan out how to meet the basic needs for each month of the 
year for each of the two research teams. 


Criteria for Success 
To be successful, your two plans must meet the following 
criteria: 

© Identity the biome in which each park is located. 

* Describe fe climate conditions in each park for each 
month, including the average temperature, average 
amount of rain. and average amount of snow. 

* List specific supplies that will be needed to work 
outdoors in each park for 12 months. Assume that 
researchers will need to stay at least 2 nights in the 
shelter in a remote area each month 

© Communicate your choices, and clearly and accurately 
describe the connection to climate conditions. 


Brainstorm Ideas 


O Work with a partner or in a small group. Brainstorm 
ideas that would fit the criteria. All ideas should de 
considered. 


© incorporate the best ideas into one list of potentially 
useful supplies for each park. 


imitating and P'ansiag 
* Performing asd Recording 
Anadyzing and interpreting 
| * Communeatios and Teamwork 
| 


Wood Safteio National Part 


Dinssaur Provincial Park 


CE These o parts are in dmt 


Design a Presentation 


© Deco? what additional information you need to decide on 
the most appropriate items to include on your supply Est 
for each park. Conduct further research # necessary. 


© Wher all research is complete, design an effective pres- 
entation of your supply list that will clearly show how 
Gitferences in the climate of the two parks impacted the 
suppies needed by the researchers. Remember to keep 
track of your decisions as yos work, since they will 
form part of your presentation. Your presentation may 
de done on paper or with the aid of a computer. 


© Create your presentation. 


Evaluate and Communicate 


1. What are the main déieresces in Cimate between he 
two sites? 

2. How was your fist of supplies affected by these climate 
conditions? 

3. Two important factors ia climate ara the average 
temperature range and the average amount of precipta- 
tion. Which of these do you think is most important to 
the living things in each park? Why? 

4. Share and compare your presentation with others in the 
class. 


Giota! Systems Fenster Energy ros De Bigsohere a 


"SEARCH — — 


Determine the biome of your 
community. Find another 
city in the world in the 
same type of biome, and 
compare the plants and 
animals that are found in 
the two areas. Begin your 
search at 


www pesarsoned CA 
schooiscence 10 


Canada can be 
divided inte four biomes. two ef 
fhese biomes are found in Aberta 


Canada’s Biomes 

Canada has four biomes: tundra. taiga, grassland, and deciduous forest 
(Figure D2.42). Most of Canada is a taiga biome, but grassland and deciduous 
forest regions are very important. Most of our agricultural crops ere grown in 
these regions, since they support the growth of the plants and animals on 
which we rely. 


white to brown each 
N E „ 
2. Explain why a biome is an open system. young only in spring and summer 
3. Describe the surroundings of a biome. d) plants that can store water. 
4. Explain bow dividing Earth into biomes 9) animals that food mostly on fish end other 
helps scientists to study and understand 
Earth. 


5. Describe the characteristics of the biome in 


which you live. 


Applications 
9. In a paragraph. compare a biome to a cell. 
10. Using the information in Figure D2.42, create. 


6. Name two biomes that have very low average > 

x á map of the biomes of Alberta. 
— electronic resources to identify j 
7. Compare and contrast the plants and animals species of plants and three species of animals 
that would be found in a grassland biome in that are found in each ame. 
Alberta, Canada to those found in a grassland 


biome in the country of Sudan. in Africa. Extension 


o 11. in 2001 and 2002, Alberta 
a „ 
| rese 
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D 25 Analyzing Energy Flow in Global 
Systems 


In previous sections, you learned that tbe climate of any area on Earth is 
determined by many interacting factors. The insolation of an area is deter- 
mined by that arca's latitude, the number of hours of daylight. and the time of 
year. The albedo, cloud and dust cover, and the natural greenhouse effect 
interact with insolation to give each area a particular net radiation budget. 
Convection currents and the Coriolis effect cause predictable global wind 
patterns in the atmosphere, which transfer thermal energy between areas at 
or near the equator and those at or near the poles. The world’s ocean currents 
moderate air temperature duc to the large specific beat capacity of water. The 
hydrologic cycle also contributes to thermal energy transfer, through the 
release and absorption of thermal energy that occurs when water warms, 
cools, and changes phase. 

To fully understand climate; all these interactions must be considered. 
One of the simplest tools for analyzing the relative impact of these factors on 
en area is a climatograph. A climatograph is a summary of the average 
temperature and precipitation for each month of the year for a given location, 
presented as a graph. Figure D2.44 shows a climatograph for Grande Prairie, 
Alberta, and for Manokwari, Indonesia. Grande Prairie is in a taiga biome, 
whereas Manokwari is in a rain forest biome. The vertical axis on the left of a 
climatograph shows the average precipitation (ave. ppt.) in millimetres. The 
vertical axis on the right shows the average temperature (ave. temp.) in 
degrees Celsius, and the months of the year are shown on the horizontal axis. 
The values for average precipitation are always plotted as a bar graph, and 
values for average temperature are plotted as a line graph. 


Grande Prairie. AB, Canada 55.18 K 
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The coldest temperatuce 
ever recorded in Canada was 
~ 63°C, in Snag, Yukon, on 
February 3, 1947. The 
hottest temperature was 
45°C, in Midale and Yellow 
; Grass, Saskatchewan, on 
July 5, 1937. 


Manokwari. Ingonesia, 0.88" 8 
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Average Temperature (^C) 
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Atthough they 
are a simia latitudes, the climates 
of Whitehorse and Lerwick are very 
difterent 


Whitehorse, YT, Canaéa 60 72 N 


To compare the climates of different areas, the scale of the vertical axes 
on each climatograph must be the same. In Figure D2.44, the precipitation 
scales of both climatographs reflect the range of the data for Manokwari, 
since this area has the higher precipitation levels. The temperature scales 
reflect the maximum temperature in Manokwari, and the minimum tempera- 
ture in Grande Prairie. If you compare the two climatographs. you can see 
that the monthly average temperature of Grande Prairie changes significantly 
with the seasons, but Manokwari experiences little variation in monthly 
average temperature from month to month. Also, precipitation levels in 
Grand Prairie are relatively low year-round, and are highest from May to 
September. Precipitation levels in Manokwari are high year-round. and are 
highest from December to April 

Climatographs can also help to identify the factors thet determine the 
climate of an area. In this unit, you have learned how the following factors 
can affect climate 


e insolation, which is mostly related to the latitude of a region; other 
factors can cause daily changes in insolation. including cloud cover, 
albedo, and the level of atmospheric dust. 

* The pattern of global winds that prevail over a region 

the pattern of the warm and cold currents in Earth's oceans, and the 
effect of differences in specific heat capacity of water and of air on 
cooling and heating of a region 


Of all these factors, insolation bas the strongest effect on climate. The 
differences between the climates of Grande Prairie and Manokwari are 
primarily due to the insolation at their different latitudes. However, the other 
factors can also significantly affect climate in some regions. For example, 
look at the climatographs shown in Figure D2.45. for Whitehorse, Yukon. and 
Lerwick, a city in the Shetland Islands of the United Kingdom. 

These two cities are at almost the same latitude, and so receive similar 
insolation. However, the climatographs clearly show that the climates of 
these two regions are quite different. Lerwick is warmer and wetter than 


Lerwick, UK, 58. 13 N 


140 2 140 
ew Ss gu 
i wf f E e 
$ 100 5 : 2 1w - » A 
$m og E H 
T st fo 
i 4 s i i : i 
m . 

0 35 0 " 2 
JFMAMJJASOND JFMAMJJASOND 
Haer dee In è ee Ae Tere 

Source Cantet Conaca Source: World Clevate (wwa woridcimate com) 
(2) Címatogragh of Wiitesorse. Yukon. (tà Cimatograph of Lerwick, Unitas Kingsom 
s lesa Bs aas Sheen ha she! Cuantesnn 


Whitehorse year-round. The prevailing winds for both regions are the polar 
easterlies (see Figure D2.22). However, if you look at the pattern of Earth's 
ocean currents in Figure D2.23, you will see that the Shetland Islands are 
located in the path of a warm ocean current moving up from the Atlantic 
Ocean. This werm ocean water warms the air temperature throughout the 
year and increases the precipitation. Whitehorse, in contrast, is inland, and 
so its climate is affected mostly by the amount of insolation at that latitude. 
These two cities are therefore in different biomes. Lerwick is in a deciduous 
forest biome, whereas Whitehorse is in a taiga biome. 

You could also predict the biomes of these two regions by examining 
their climatographs. The evergreen tree species that survive in boreal forest 
biomes have adaptations such as needle-like leaves that allow them to 
survive in a relatively dry, cold climate. Deciduous trees require higher levels 
of precipitation and higher temperatures than evergreens. 


Materials and Equipment range. 


bar graph. 


O Copy the cata in the table below into a new spreadsheet 
file or graph it on a clean sheet of graph paper. 


© Begin your climatograph by marking the months of the 
year along the horizontal axis of the graph. 


© Determine the range of the temperature data for the 
year. Construct and labe! a vertical axis on the right side 
of your graph according to this temperature range. 


© Piot the average temperature tor each month as a line 
graph. 


Questions 


— 0 


Cui Senn Teaneter eb morcm the Rosrzhars 


© Determine the range of the average precipitation data 
Over the year. Construct and label a vertical axis on the 
left side of your graph according to this precipitation 


© Piot the average precipitation cata tor each month as a 


O Write a legend and tite fer the climatograph. The titie 
should include the location and the Ste. 


1. From the pattems in your climatograph, describe how - 
average temperature varies during the year in Jasper. 


2. From the pattems in your cheratograph. descrie how 
average precipitation varies during the year in Jasper. 


3. identify the biome of Jasper. 


Average Temperature and Precipitation in Jasper, Alberta (iatitede 53* N) 
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Find out how climates are 
Hes by local b 
What factors influence the 
Crate in your community? 
Begin your search at 
www pearsoned ca) 
s$choociiscence 10 


Activity 017 


Inguiry Lab 


Check and Reflect 


Knowledge 8. If a region experienced one year in which the 
Using Climatographs to Compare 1. In point form. list the factors that play a role weather was much colder then on average, 
Biomes in determining the climate of an aroa. would the climatograph of that region 
3 " Change? Explain your answer. 
2. What is a climatograph? 
Begin your search at 9. From the climatograph below, describe the 
d.ca/schoolscience10 3. What two main factors are used when relationship between precipitation and 
describing a region in a climatograph? temperature in a series of statements. 


The Question 


What does the information in a climatograph tell us about 
the biome of an area? 


The Hypothesis 
A climatograph summarizes the climate conditions of an 
area, which determine the type of vegetation. 
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Procedure 


O Using data trom the given table. create a climetograph 
for these two cities in Canada Alternatively, find and 
use climate data from the internet. for two cities that 
interest you . 


© Complete the toliowisg steps for the climate data or 
each Cty. 

a) Write the names of the months along the horizontal 
axis. 

5) Determine the range of temperature in the data. Label 
the vertical axis on the right side to fit this range. 

C) Plot the average temperature for each month as a ine 
graph. 

d) Determine the range of average precipitation, and 
label the vertical axis on the left side to fit this range. 

e) Plot the average precipitation as a bar chart. 

f) Prepare a legend and a Stie for your climatographs. 
Your title shouid include the name of the location, the 
latitude of the location, and the type of biome being 
represented. Carry out any research necessary to 
obtain all the information you need. 


Analyzing and Interpreting 


1. For each city, use your climatograph to summarize the 
type of climate found in that area. Identify the biome of 
each city. 


2. Suggest reasons to explain the differences in the 


Climates of the two cies you investigated. Justify your 
answer with facts. 


Forming Conclusions 


3. Summarize the general trends found in each of your 
Climatographs and describe the characteristics of the 
biome of each city. 


4. Explain why a coastal region would have a 
significantly different climate than would an 
inland region at the same latitude. 


5. Construct a climatograph for Medicine Hat, 
Alberta, using the information in the table 
below. Medicine Hat is at latitude 50.05* N. 


Average Climate Conditions of Medicine Hat. AB 


6. Two regions on Earth have the same latitude, 
but different climates. Suggest two factors 
that might cause this difference in climate. 


7. Why do some regions on Earth have different 
amounts of insolation? 


Average Temperature (°C) 


Average Precipitation (mm) 
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: Extensions 


10. Calgary is in a grassland biome. Relate the 
information in the climatograph in question 9 
above to the type of vegetation that occurs in 
this biome. For example, a desert biome 
could be described as an area of high 
temperature and low precipitation 

11. Find the climate data for another city in the 
world at the same latitude as your city or 
town. Construct climatographs of the two 
areas. then compere and contrast the two 
climates. 


Fiera! Cotemes Trancter rde 


Knowledge 

1. Identify the two main factors tbat determine the 
amount of solar energy a point on Earth will 
receive. 

2. Explain why the albedo of snow is different from 
the albedo of a forest. 

3. Write the word equation for Earth's net radiation 
budget. 

4. Where on our planet is most of the infrared 

5. Outline how the natural greenhouse effect 
influences the climate of Earth. 

6. The average albedo for Earth is 0.3. What does 
this value represent? 

7. Identify and describe the process that transfers 
thermal energy from the lithosphere to the 
atmosphere. 

& Describe the movement of air in relation to 
atmospheric pressure. 

9. Describe how the Coriolis effect influences global 
wind patterns. 

10. In what direction is thermal energy transferred 
through tbe hydrosphere? 

11. Using an example. explain the hydrologic cycle. 
Use a diagram in your explanation. 

12. What is transferred by the hydrologic cycle, other 
than water? 

13. Define heat of vaporization. 

14. Draw a graph of the temperature changes of water 
as it changes phase from solid to liquid to water 
vapour. Describe the effects of the heat of 
vaporization and the heat of fusion on the shape 
of the curve. 

15. Identify three factors that contribute to Earth's 
climate. 

16. Describe two ways in which thermal energy is 
moved through the biosphere. 

17. State the biomes that are found in Canada. 

18. Why do grassland biomes have few or no trees? 
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19. Give two examples of adaptations, one for a 
plant and one for an animal, that would help the 
organism to survive in a tundra biome. 

20. Which biome supports the highest number of 
species in the greatest abundance? Why? 

21. Sketch and label the key components of a 
climatograph. 

22. State the main factor that determines Earth's 
biomes. justify your answer. ~ 


Applications 

23. Explain why the polar regions of Earth have less 
insolation than the equator. Use a diagram in 
your answer. 

24. Explain why life on Earth depends on the 
absorption of infrared radiation by the 
troposphere. 

25. How does the presence of naturally occurring 
greenhouse gases affect human life? Explain 
your answer. 

26. Describe the process of convection, referring to 
the motion of particles in your answer. 

27. Why does warm air rise? 

28. Explain why the temperature of water remains 
constant when it changes from solid to liquid 
phase, even though thermal energy is being 
added. 

29. Calculate the final temperature when 100 of 
thermal energy is added to 15.0 g of copper at 
20.0°C. The theoretical specific heat capacity of 
copper is 0.385 U, C. 


30. Calculate the quantity of thermal energy that is 
absorbed when the temperature of 12.5 g of 
nickel increases by 2.5°C The theoretical 
specific heat capacity of nickel is 0.444 J/g-*C. 

31. The temperature of a mass of tin increases from 
24.0°C to 34.0°C when 250 | of thermal energy 
are added. Calculate the mass of the tin. The 
theoretical specific heat capacity of tin is 
0.228 /g C. 

32. Calculate the amount of thermal energy that is 
released when a 20.0-g mass of zinc at 30°C is 
cooled to 0.0°C. The theoretical specific heat 
capacity of zinc is 0.388 /g C. 


33. A researcher observes that 7.50 mol of water at 
100.0°C is vaporized completely when 305 kj of 
thermal energy is added. Using this data, 
determine the experimental heat of vaporization 
of water to the appropriate number of significant 
digits. 

34. Calculate the amount of thermal energy needed 
to change 25.0 mol of water at 100.0°C from 
liquid to vapour phase, without any change in 
temperature. The theoretical heat of 
vaporization of water is 40.65 kJ/mol. 

35. How much thermal energy is absorbed when 
10.0 g of ice at 0.0°C changes phase to liquid 
water at 0.0°C? The molar mass, M. of water is 
18.02 g/mol and the theoretical heat of fusion, 
Hur. of water is 6.01 kj/mol 

36. Saskatoon is located at latitude 52. 17 N. The 
table below presents average climate conditions 
in Saskatoon. 


Scurce World Cimate (ware worecimate com) 


a] Drew a climatograph for Saskatoon. 

b) Predict the biome in which Saskatoon is 
located. Give reasons for your prediction. 

c) Assume your prediction is correct. What 
kinds of plants and animals would you 
expect to find in natural areas around 
Saskatoon? 


Extensions 


37. Compare the influence oa climate of the albedo 
of a tundra biome and of a deciduous forest 
biome by answering the following questions: 

3) Which biome would have the greatest 
average albedo over a 12-month period? 

b) Which biome would reflect the most 
incoming radiation, and which would absorb 
the most incoming radiation on average over 
a 12-month period? 

c) Would your answers change if you were 
comparing the albedo of both biomes only in 
the month of July? Why or why not? 

38. The figure below shows climatographs for two 
cities at similar latitudes: Manchester, United 
Kingdom, and Hamburg, Germany. Given that 
Hamburg is further inland than Manchester, 
deduce reasons for the differences and 
similarities in the climates of these two cities. 
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Key Concepts 

la this section. you will learn about the 

Tolowing hey concepts: 

* 3000) and enviroomental contexts for 
imvestigatieg Climate change 

* hunan activity and climate chasge 


Learning Outcomes 
When you have completed fus section, you 
will be able to: 


‘evidence that these factors play a role in 
chrrate change 

* identity evidance to mvestgate past changes 
in tac cu 

* descabe aad evaluate the role of science m 
furthering the understanding of climate aac 
cimae change through international 
programs. 

* describo the role of technology in 
measuring, modelling, and interpreting 
chm and climate change 

© describe the limitations of scientific 
Ax oWedge and techeciogy in making 
predicuons related te clrnate and weather 

© identéy the potential tects of ce 
change on environmentally sensitive Domes, 

* assess, from a variety of perspectives. the 
risks and benefits of human activity and ex 
‘impact on the bosphere and the climate 


Changes in global energy transfer 
could cause climate change, and 
impact human life and the 
biosphere. 
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Source: Dai et ai. 2001 


Predicted increases in global temperature that Could occar from 2170 t3 

© expected increases in greenhouse gas levels. The image aas generated by 

computer modelling. using data on average global temperatures and greenhouse gas levels 
that occured between 1970 t 1998 


igure D3.1 shows a computer simulation of the predicted 
F. of changes in the levels of greenhouse gases in our 

atmosphere over the next 200 years. The red areas denote 
warmer than average temperatures. Scientists use current climate 
data in climate modelling programs, such as the one that produced 
this simulation, to predict potential changes to our climate. However, 
just predicting what may happen to climate is not in itself the goal of 
these studies. Scientists use these predictions to assess the impact 
that climate change could have on all life on Earth. For example. the 
Government of Canada publication Canada Country Study: Climate 
Impacts and Adaptation 1997 was the first assessment of the social, 
biological, and economic impacts of climate change to Canada. In 
this report. scientists suggested that climate change could cause an 
increase in average air temperature and a decrease in average soil 
moisture, events that would impact every facet of the life of 
Canadians. In this section, you will evaluate some of the evidence 
that indicates we are currently experiencing climate change. You will 
also investigate evidence that human activity is contributing to 
climate change. and consider the effects that climate change could 
have on buman society. Some strategies for reducing the effect of 
human activities on climate change will also be presented. 
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03] Climate Change—Examining the 
Evidence 


Is human activity affecting climate? The vast majority of climatologists 
agree that we are currently experiencing climate change, and that human 
activity has played a role. However, we do not yet understand enough about 
long-term climate cycles, or about the interacting factors that control 
climate, to accurately predict the rate of climate change or its consequences. 


Changes in Greenhouse Gases 


In section D2.1. you found out that the natural greenhouse effect keeps our 
planet warm by absorbing some of the thermal energy radiated by Earth's 
surface. The natural greenhouse effect is due mainly to the presence of 
water vapour in our atmosphere, but other greenhouse gases also play a 
significant role. Some of these gases are produced by human activity, such 
as agriculture (Figure D3.2). 


e. „ ene ot Tree Mam Greenhouse Gases 


There are four main greenhouse gases: water vapour, carbon dioxide, 
methane, and nitrous oxide (N,O). Table D3.1 gives the Global Warming 
Potential (GWP) of three of these gases. GWP is a measure of the ability of a 
gas to trap thermal energy in the atmosphere. Since carbon dioxide is the 
most common greenhouse gas, it is given a rating of 1. All other greenhouse 
gases aro then rated relative to carbon dioxide. The persistence (time the gas 
remains in the atmosphere) is also given. Gases that persist longer will 
absorb thermal energy over a longer time period 

Analysis of ice core samples from Greenland and Antarctica. and of 
atmospheric data collected from the last few decades, has led scientists to 
conclude that the atmospheric concentrations of carbon dioxide 
[Figure D3.3), nitrous oxide (NO) (Figure D3.4), and methane (Figure D3.5) 
have increased over the time period of about A.D. 1700 to A.D. 2000. 
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Since greenhouse gases absorb heat, changes in the levels of these gases 
could change the net radiation budget of Earth. Increased greenhouse gas 
levels could mean that Jess thermal energy is released back into space, and 


burned releases 3.7 tonnes 
of carbon dioxide gas into 
the atmosphere. 
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Skill Practice 


To predict the results of the increase in greenhouse gases, 
scientists extrapolate existing data into the future, 
Extrapolation is the process of estimating the value of a 
measurement beyond the known or measured values of a set 
of data. For example, you might estimate how tal you will be 
next year based on your rate of growth over the last 5 years. 


How reliable is extrapolated data? Using the graphs in 
Figures 03.3, 03.4, and 03.5, respond to the following: 


1. How does the change in carbon dioxide gas concentra- 
tions over time compare to changes in the other two 
greenhouse gases? 
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the average temperature at Earth's surface could increase as a result. 


Treads in N20 Concentrations 


2. By how mech has the concentration of each gas 
increased since 1750? 


3. Express the increase in the concentration of each 
Qreenhouse gas as a percent change. 

4. Extrapolate to predict the concentration of each green- 
house gas in 100 years. 

5. What assumptions did you make when you extrapolated 
the data on greenhouse gas concentrations? 


6. Are you more confident about the accuracy of the 
answer to question 2 or to question 4? Why? 


Greenhouse Gases and Human Activity 


The increase in the levels of greenhouse gases since the start of the 
Industrial Revolution in the late 18th century is a direct result of 
changes in human activity (Figure D3.6). During this time, human 
society became more and more dependent on fuel consumption, 
especially fossil fuels. Fossil fuels are fuels that contain large 
amounts of carbon, that were formed from the remains of living 
organisms. Coal, oil, and natural gas are the most commonly used 
fossil fuels. Producing fossil fuels releases methane and carbon 
dioxide gases into the atmosphere, while burning fossil fuels 
releases carbon dioxide and nitrous oxide (formed when atmos- 
pheric N, and O, combine during combustion). The most significant 
increase in concentration of gases from fossil fuel combustion has been in 
carbon dioxide. Any process that releases carbon dioxide to the atmosphere 
is called a carbon source. Burning fossil fuels is a carbon source, since it 
releases carbon dioxide to the atmosphere. The respiration of living things is 
also a carbon source, since this process releases carbon dioxide to the atmos- 
phere. 
At the same time, people were migrating into wilderness areas and 
clearing land of forest to provide timber for fuel and construction and to 
prepare areas for agriculture. Forests play an important role in removing 
carbon dioxide from the air, through the process of photosynthesis. 
Photosynthesis is a carbon sink, which is any process that removes carbon 
dioxide from the atmosphere. Large amounts of atmospheric carbon dioxide 
dissolve in Earth's oceans and lakes and are removed from the atmosphere. 
This process is also an important carbon sink. The loss of forest cover during 
the last two centuries reduced the size of Earth's carbon sinks, and therefore 
decreased the amount of carbon dioxide being removed from the atmosphere. 
Loss of forest cover continues today worldwide. 

When the release of carbon dioxide to the atmosphere by carbon sources 
is equal to the amount of carbon dioxide removed from the atmosphere by 
carbon sinks, the amount of this greenhouse pas remains stable (Figure D3.7). 
However, the balance between carbon sinks and carbon sources has shifted 
since the Industrial Revolution, causing the levels of carbon dioxide in our 
atmosphere to increase. According to scientists at the Carbon Dioxide 
Information Analysis Center in the United States, the concentration of carbon 
dioxide gas in the atmosphere has increased by 32% over the last 200 years. 
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Agriculture is another human activity that contributes greenhouse gases 
to the atmosphere. Nitrous oxide is released by the use of manure and chem- 
ical fertilizers, a worldwide practice. Methane is emitted from rice paddies 
and from the digestive systems of cattle and other animals. Other human 
practices also contribute greenbouse gases to the atmosphere. For example, 
decaying garbage in landfill sites releases methane. as does decaying vegeta- 
tion in flooded areas created by dams. 

Humans have also contributed greenhouse gases to our atmosphere that 
have never before occurred. Halocarbons are human-made chemicals that can 
absorb significant amounts of thermal energy. They are used mainly as 
coolants, and may be found in refrigerators and air conditioners (Figure D3.8). 
The ability of this group of chemicals to absorb thermal energy also makes 
them powerful greenhouse gases. For example. the class of halocarbons called 
chlorofluorocarbons (CFCs) have a Global Warming Potential of 12 000. CFCs 
were once commonly used in aerosols (spray bottles). air conditioners, and 
fire extinguishers. CFCs also undergo chemical reactions that destroy the 
ozone in the stratosphere, so their use is now restricted. 


Greenhouse Gases and Climate Change 

Most scientists have concluded that the increased emission of greenhouse 
gases by human activity has influenced global climate. The enhanced green- 
house effect is the change in Earth’s net radiation budget caused by the 
increase in human-generated greenhouse gases. Temperature data collected 
from around the world show that the global average temperature increased by 
0.6°C, during the period from 1880 to 1999 (Figure D3.9). This time span was 
also the period when changes in human activity, such as those of the 
Industrial Revolution. increased the amount of greenhouse gases emitted to 
the atmosphere. 
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Global warming refers to the observed increase in Earth's averege 
temperature. Global warming has been detected in all regions of Earth, by 
global organizations that collect and share information related to climate 
Change. One of the most important of these organizations is the 
Intergovernmental Panel on Climate Change (IPCC). an international group of 
Scientists brought together by the World Meteorological Organization (WMO) 
and the United Nations Environment Program (UNEP) to assess information 
related to climate change. The IPCC has linked global warming to the 
increase in the amount of greenhouse gases in the atmosphere. The majority 
of scientists think that if we continue to produce high levels of greenhouse 
gases and decrease the number of carbon sinks, global warming will continue 
and eventually result in climate change. 

Global warming is one piece of evidence that Earth is currently under- 
going climate change. Other observed changes suggest that climate change 
may be affecting biomes. Using satellite data and historical records from 1936 
to 1958, scientists fram the University of Alberta and the Institute of Ocean 
Sciences have found that, over the past century, flowers in the Northern 
Hemisphere have begun to bloom an average of 26 days earlier, due to a 
change in the date that spring-like conditions begin. Many regions on Earth, 
including Canada, have experienced severe weather-related disasters in the 
recent past (Figure D3.10). such as the flooding of Manitoba's Red River in 
1997 and the crippling ice storm that hit Ontario and Quebec in 1998. 
Changes in the frequency and severity of storms are one potential effect of a 
rapid increase in average global temperature. In some areas of Earth, such as 
in the Canadian Arctic, the amount of snow cover and ice has decreased. The 
average level of the world's oceans has increased by 2 to 5 cm over the past 
century, which is most likelv related to the decrease in ice cover. Some areas 
of the world's oceans have also increased in temperature, which may be 
related to the decline in stocks of fish such as Pacific salmon and Atlantic 
cod. 


Evaluating the Evidence of Climate Change 


The IPCC publishes their findings in comprehensive reports that are avail- 
able to governments, industry, citizens groups, scientists, and the general 
public. Information from international groups like the [POC can help us to 
make more informed decisions related to climate change. 

Although most scientists agree we are experiencing global warming, the 
potential effects on the biosphere are not clear. The study of climate is still a 
very challenging field. Scientísts do not vet fully understand all the interac- 
tions between the lithosphere, hydrosphere, and atmosphere in transferring 
thermal energy. Even seemingly simple factors, such as the effect of cloud 
cover on the net radiation budget, have turned out to be very complex. As a 
result, there are limits on the accuracy by which scientists can evaluate the 
evidence for climate change, and the effect of human activity on climate. 
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Scientists have therefore found ways of estimating their confidence in 
evaluations and predictions. Through statisfical and other means, all analyses 
of data can be given a particular level of confidence. The IPCC uses the rating 
scale, shown in Table D3.2, to communicate the level of confidence that can 
be attributed to events related to climate change. Some of those events are 
shown in Figure D3.11. Analyses and predictions are given a higher confi- 
dence level when there are more data (such as long-term temperature 
measurements}, more accurate measurements (such as temperature measure- 
ments of atmospheric temperatures at various altitudes), ar if scientists havea 
greater understanding of the factors involved in a particular climatic event 
{such as the offect of the time of year on insolation). 


Confideace Leve! versus Geographic Scale of Events 


Geographic Scale 


Source: PCC 
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[ncunt 03.12 RI 
tects would maie 
change have on Albers? 


Some of the possible impacts of climate change on life in 
Alberta are obvious and may even appear pleasant 
(Figure 03.12); for example, warmer winters and less 
pracipzaton. However, climate attects every ing tung n a 


quences im areas you might not think about right away. 
Using the evidence presented in this section and from your 
own research, you will identify some of the possible impacts 
ol climate change to Alberta. 

To help you analyze the impact of imate change. you will 
use a graphic organizer called an Impact Wheel. An Impact 
Wheel can be created on a piece of chart paper. in your 
notebook. or on the chalkboard in your classroom. Follow 


1. Review your Impact Wheel. Describe any patterns you 
observe in your work 


2. State he impact of climate change in Alberta that was 
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Other Views on Climate Change 


Scientists agree the Earth's average temperature has increased over the last 
century. There remains some disagreement about how much human activity 
contributed to this global warming, whether global warming will lead to 
climate change, and the consequences climate change could bring. Evidence 
from sources such as fossil records and ice cores suggests that Earth's climate 
has undergone change in the past, well before humans existed. Some scien- 
tists argue global warming today could be part of a natural climate cycle that 
occurs over thousands of years. Until such cycles are fully described, the 
human contribution to global warming will remain debatable to some people. 
Predicting the consequences of climate change is also difficult, because our 
knowledge of the factors that affect climate is limited. Climate change is a 
relatively new field, so there are not yet enough data to predict how quickly 
climate change may occur. 


Check and Reflect 


Knowledge 


1. What is Global Warming Potential (GWP)? 
2. Identify three greenhouse gases that are 


9. Explain the difference between natural and 
human-generated greenhouse gases. 
10. Outline the reasons why emission of 
greenhouse gases increased after the 
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generated by human activity. Describe bow 
the atmospheric concentrations of these 
gases have changed over the last 200 years. 


3. Describe one method that scientists use to 
measure changes in the concentration of 
greenhouse gases over timo. 


4. State the sources of human-generated nitrous 
oxide emissions. 

5. Define carbon sink and give two examples. 

6. What is the enhanced greenhouse effect? 


7. Describe three pieces of evidence of climate 
change during the 20th century. 


Applications 
8. To assoss the work of a scientist or group of 
scientists, the IPCC sends the work to other 
scientists to review and evaluate. Explain 
why this process increases the confidence of 
the IPCC in work submitted to them for 
assessment. 
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Industrial Revolution. 


11. Explain the link between photosynthesis and 
greenhouse gas levels in the atmosphere. 

12. Create a diagram that compares the natural 
greenhouse effect with the enhanced 
greenhouse effect. 


13. Some scientists and organizations disagree 
with the evidence presented by the IPOC on 
climate change. Does this mean that someone 
is right and someone else is wrong? Explain. 


Extensions 


14. List as many human activities as you can that 
take place in your local region that decrease 
carbon sinks. Make a second list of human 
activities in your local area thet increase 
carbon sources. Based on your list, do you 
think that the balance between carbon sinks 
and carbon sources will change over the next 
20 years? Why? 


15. Do you think that climate change is 


occurring? Write a persuasive paragraph 
outlining and defending your viewpoint. 


D ip International Collaboration on 
Climate Change 


Since climate change could have many consequences, the world's scientists, 
governments, and citizens have agreed to act now on human actions that 
contribute to climate change (Figure D3.13). As you have seen in the previous 
sections of this unit, the problem of climate change is complex and not yet 
fully understood, so it is a challenge just to decide what to do first. Because 
climete change is a global issue, the political, environmental, and social 
issues involved can sometimes make action difficult. 


Scientific Collaboration on Climate Change 


As scientists gather more data and learn more about climate, the confidence 
level of their predictions increases. Climate research depends on interna- 
tional co-operation. In order to do the best possible job, scientists must share 
climate data and access to the tools to collect and analyze the data. A recent 
IPCC report on climate change (Figure D3.14) stated that "confidence in the 
ability of models to project future climate has Increased." This is in large part 
due to the willingness of the world's scientists to work together. 

Advances in technology have also contributed to the increased confi- 
dence level. For example, scientists have achieved a better understanding of 
how water vapour and other greenhouse gases affect global climate. Bettor 
computers and software have given us computer simulations and models that 
can analvze and more accurately predict the effects of human activities. such 
as the emission of more carbon dioxide into the atmosphere. 

There are a number of different types of computer models of climate, but 
the one that reflects the observed climate data of most climates is the general 
circulation model (GCM). These highly sophisticated models incorporate the 
laws of physics to model climate on a global scale. GCMs centre on the effects 
of changes that affect Earth's energy balance (e.g.. changes in insolation, 
albedo, and/or absorption) on thermal energy transfer in the atmosphere. 
Since climate modelling is very expensive, scientists must often pool their 
resources to use this technology to the best advantage. 

Since GCMs reflect the world's climate the best, it may seem that all 
climate modelling should be done using this type of model. When choosing 
which model to use, scientists consider the problem they are investigating. 
and the type of data that are available. In some cases. other models will 
produce a result with a higher level of confidence than will GCMs. 

Predictions made by a climate model can be only as good as the data on 
which the model is based. Satellites, high-altitude jets, and deep-sea 
submarines now collect data from previously unreachable areas of our 
planet. The type and quantities of gases and dust in Earth's atmosphere can 
be measured more accurately because of improvements in scientific instru- 
ments. Nations must also share this data in order to get an accurate picture of 
climatic events. 
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Dr, Andrew Weaver is 2 worla- 
renowned climate research 
expert. 


Andrew Weaver 


Dr. Andrew Weaver is widely known as one of Canada’s leading experts 
on climate change. Dr. Weaver is currently a faculty member at the 
University of Victoria in British Columbia, where he is developing 
climate change models of the changes in Earth’s climate over the past 
400 000 years. 


How do you determine what Earth's climate was like 400 000 years ago? 
My research group and 1 have developed the UVic Earth System Climate 
Model, which contains interactive sea ice, glaciological, ocean, atmos- 
phere, and land surface components. This model will help us to 
understand the feedbacks between land and ocean surface properties and 
climate that occurred over the last 400 000.years. We compare modelling 
results with actual climate data for this same period. 


Why did you choose to study climate change? 

When I first started. | was studying the role of the ocean in climate. 1 
thought then that the ocean played such an important role that the effect 
of changes in greenhouse gas levels would be dwarfed by the natural vari- 
ability of the ocean atmosphere system. In trying to prove this, I proved 
instead that I was wrong! When I started understanding the problem, 1 
realized that climate change is perhaps the greatest issue facing humanity 
this century. | am now involved with international committees, such as 
the IPCC, that are concerned with climate change. 


Why should the average Canadian care about the IPCC reports on 
climate change? 
The IPCC provides a comprehensive assessment of our understanding of 
the science behind climate change. The IPCC reports are extremely influ- 
ential in providing the scientific foundation on which governmental 
policy is based. 


1. What do you think would be the most challenging part of 
Dr. Weaver's job? 

2. In the future, do you think there will be a greater or lesser neod for 
research scientists like Dr. Weaver in the area of climate change? 
Why? 

3. Why do climate-change scientists often study all fields of science, 
instead of just one? 
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Political Collaboration on Climate Change 


As our understanding of global energy systems improves, the challenge 
becomes one of ensuring international co-operation to reduce the contribu- 
tion of human activity to global warming. The government of Canada has 
entered into several agreements with other nations to make changes that will 
benefit the atmosphere and alter Canada’s contribution to climate change. 


The Montreal Protocol 


The Montreal Protocol is an international agreement to phase out the produc- 
tion and use of CFCs, and was the first international agreement concerning 
Earth's atmosphere. It was signed in 1987 by 182 nations, including Canada. 
CFCs were invented in 1946, to replace many flammable and toxic 
compounds formerly used by industry. CFCs were used in many products, 
including aerosol cans, fire extinguishers, and air conditioners. In the 1970s, 
the chemists Mario Molina and F. Sherwood Rowland showed that CFCs react 
with the ozone in the atmosphere, converting it io oxygen. Even a very small 
amount of CFCs can cause a significant loss of ozone. CFC emissions are 
thought to be the main cause of the thinning of the ozone layer that has been 
observed over Antarctica (Figure D3.15) and other regions. 

Ozone absorbs much of the ultraviolet radiation from the Sun's rays, so 
loss of ozone results in more ultraviolet radiation reaching the surface of 
Earth. This could change the net radiation budget of areas of Earth, and cause 
an increase in the global average temperature. Thinning of the ozone layer 
could also cause an increase in the rates of cancers caused by exposure to 
ultraviolet radiation, such as skin cancer. 

Hydrochlorofluorocarbons, or HCFCs, are chemicals with similar prop- 
erties to CFCs, but which destroy ozone much more slowly. The Montreal 
Protocol specifies that nations ban use of CFCs and replace them with HCFCs 
over 4 specified time span. HCFCs are still only a temporary solution to the 
problem of ozone depletion. Scientists are working to find other chemicals to 
replace HCFCs that do not harm the environment. The Canadian government 
plans to ban HCFCs by 2020. 


United Nations Framework Convention on Climate Change 

The United Nations Framework Convention on Climate Change (UNFCCC) 
is an agreement by the world's nations to act to stabilize greenhouse gas emis- 
sions caused by human activity (Figure D3.16). The UNFOCC is not an action 
plan like the Montreal Protocol. Instead, it sets out a process for making inter- 
national agreements on future actions related to climate change. The 
UNFCCC marked the first time the world community acknowledged that 
human activities could cause climate chango. 

The nations that signed the UNFCCC also agreed that any actions taken to 
stabilize greenhouse gas emissions must not threaten global food production 
or the economic interests of any nation, and must support sustainable devel- 
opment. Sustainable development is the use of the world's resources in ways 
that maintain these resources for future generations with minimal environ- 
mental impact. For example, to moet the standards of the UNFCCC, the 
forestry industry in Canada must harvest our forests in a manner that ensures 


a | IEDERDIIIIINED 
140 180 220 260 300 340 DU 


CETHE ns compute 
simulation shows the thickness of 
the ozone layer over Antarctica on 
u 30, 1996. Aveas ia purple are 
the thinnest. Qzone levels are given 
in Dobson unis (DIU). 1 DU is equat 
102.69 x 10” molecules per c 


The ate 
Nations Framework Convention on 
Cimate Change was the fist 
agrement by the world’s nations to 
act on a global problem before 
having absolute proof tat me 
problem would occur 


fhanaes in Global Enerav Transfer Could Cause Climate Change, and impact Human Lite and the Biosphere 421 


=o 
* 
"ES 
* 
8 * 
HIS 
i. 
8 
so 
«6 
= "5 
So Exwronmere Canaca 


that the total amount of forest cover does not decrease. Photosynthesis by 
forest plants is a carbon sink that removes large quantities of carbon dioxide 
from the atmosphere, which plays an important role in stabilizing green- 
house gases. Forests also provide habitat for many wildlife species, 
recreational opportunities for humans, and contribute to the hydrologic 
cycle. These roles, along with the economic importance of forestry. must be 
considered whenever Canada proposes any change to its forestry practices. 


Kyoto Protocol on Climate Change 

The UNFCCC provided the foundation for the Kyoto Protocol. an interna- 
tional agreement to reduce the production of greenhouse gases. In 1998, 
Canada and 160 other countries agreed in principle to set a goal of a 5% 
reduction in global greenhouse gas emissions by 2012. According to the 
Kyoto Protocol. Canada must reduce its emissions of greenhouse gases to 6% 
below 1990 levels. Figure D3.17 shows Canada's past and predicted green- 
house gas emissions, with and without the changes proposed by the Kyoto 
Protocol. 

A key feature of the Kyoto Protocol is a concept called emission- 
reduction credits. Emission-reduction credits (ERCs) are credits given to a 
country for actions that contribute to the globel reduction of greenhouse gas 
emissions. ERCs are not a reduction in the emissions of that country. ERCs 
are awarded for the following actions: 


* when a developed country helps a developing country to reduce its 

* when a developed country helps another developed country that has 
a temporary economic problem to reduce its emissions: for example. 
developed countries recovering from a major war or natural disaster 
might qualify; 

* whena country engages in practices that help to remove carbon 
dioxide from the atmosphere, such as planting trees to reforest a 
logged area, 

The emission-reduction credit 

system allows some flexibility in 

how nations meet their goals, 
and so allows them to more 
easily make sustainable changes. 

However, some people see the 

ERCs as a way for richer nations to 

avoid having to reduce the amount 

of greenhouse gases thev emit. 
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Throughout this shit, you have been investigating the 
‘scence of global energy systems and the potental of human 
‘activity to infwence these systems. Since changes in global 
energy transter could lead to climate change. international 
Collaborations between scientists and governments continue 
to produce new information and new agreements about 
climate change and the role we play. Issues related to 
Climate change can also be very controversial. Such long- 
term anc complex sues ci sometimes be dificult do relate 
o personai 

Global warming and climate change have the potential to 
produce short-term and/or long-term impacts on the local and 
global environment. Each of these changes may potentially 
have an impact on your ife. For example. suppose you pian to 
work in the acricsttural indestry in the futere A change in 
precipitation patterns could influence the type of vegetation 
growing s your area. whach in tum Could aftect opportunites 
in your fature occupation — 

» International agreements sech as the Kyoto Protocol 
‘seek to reduce the impact of Rumaa activity on global 
| Climate, while allowing tor sustamabie development Eacn 
_ agreement that s mace may cause disagreement about the 
relative costs and benefits to segments of the population. 

. For someone working in agrcuture, for example, a require- 
ment to reduce emissions by 2% in a year may require 
"investment in more fuel-efficent machinery. This investment 
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investment could have great long-term benefit by reducing 
production costs. Either of these outcomes could affect your 
ability to find work in this area. in fact, most agreements 
related to climate or climate change wil have political, 
economic, and social consequences that would impact on you, 
your trends, and tm 


Analyze and Evaluate 


1. Using your notes and additional print and electronic 
information, create an outline of a scenario that 
escribes how changes in chmate could potentially 
impact on yoer Me 15 years from now. This scenario 
Could include descriptions on how the changes in e 
ronment impact on your career, family, or personal 
lime. Remember to consider the political. socal, and 
economic tactors when creating your scenario. 

2. Share your ideas with one or two other classmates. —- 
Select at least one of your ideas that can be modified 
based on what you have learned from them. 

3. ihustrate your scenario using your choice of media. 
This could incisde an ilisstrated story, electronic — 
presentation. or poster. —— 

4. Ver creating your scenario, make è summary of fe. 
research that Supports and refutes your views. Using 
your notes, this textbook, and other print and electronic 
information sources, find examples where your viens 
on cámate change are supported. You shosid aiso fd. 
septi des Ton aiiis ae ee 
or point form. 

s. Sur yos scenario ax ees summary wh me 
—C(— 


Economics and the Kyoto Protocol 

The Kyoto Protocol involves a process of signing tbe treaty, followed by rati- 
fication or acceptance by the voters of each country. Many developed 
regions, such as Canada, the United States. and the European Union, signed 
the treaty and agreed to the principles of the protocol. Canada ratified the 
Kyoto Protocol in 2002, but some other countries have yet to ratify it. The 
United States indicated in the spring of 2001 that they may withdraw from 
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their economic growth 


o 
Between 1988 and 1999, 
Syncrude Ltd has reduced 

the carbon dde 
emissions for the production 
of a barrel of cil by 26%. N 
is predicted that the 
reduction will reach 
42% by 2008. 
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gases ars e by the aorifx moc developed anc weather 
x 1966 


the Kyoto Protocol for economic reasons. China also signed the treaty but did 
not ratify it, znd India has not signed at all. These two less developed coun- 
tries are experiencing many of the changes and economic growth that more 
developed nations had experienced earlier in history. This economic growth 
is linked to increased production of greenhouse gases (Figure D3.18) 

Figure D3.19 shows the greenhouse gas emissions by nation in 1998. 
Most of the emissions still come from the world's richer nations. Some devel- 
oped nations have decided not to participate in the Kyoto Protocol until 
developing countries have signed the agreement. Some of these countries 
have stated they will not sign the Kyoto Protocol until the more developed 
countries reduce their greenhouse gas emissions. 


Stabilizing Greenhouse Gas Levels 


Stabilizing the levels of greenhouse gases in the atmosphere depends on 
achieving a balance between reducing the emission of greenhouse gases and 
increasing the rate of their removal. For example, levels of atmospheric 
carbon dioxide are increased by emissions from sources such as cars and 
industry, and decreased when plants photosynthesize or when carbon dioxide 
dissolves in the oceans. 

Scientists and inventors are therefore also looking for new ways of 
removing excess greenhouse gases from the atmosphere. One idea that some 
oil and gas companies are using is called carbon dioxide sequestering. In one 
version of this process, carbon dioxide gas is pumped into the ground to help 
extract underground oil reserves (Figure D3.20). Once the oil is removed, the 
gas is sealed in the empty space underground. Research is also continuing to 
find other methods of sequestering greenhouse gases. 
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We can all contribute to this process in our personal choices. For 
example, you might choose to ride a bike, take mass transit, or walk to school 
to cut down on the use of a car. You could also plant trees in your neighbour- 
hood. Many industries in Canada are also acting to reduce the amount of 
greenhouse gases they contribute. For example. the Canadian pulp and paper 
industry reduced its carbon dioxide emissions from 1990 to 1995 by 20%, by 
using wood waste to heat their facilities rather than fossil fuel oil. This 
change also had an economic benefit for the industry. since they no longer 


Sy producing their goods in 
ways that contribute fewer 
greenhouse gas emissions, 
many companies are finding 
they are also saving mosey. 
Find out what companies in 
your area are doing to 
reduce their greenhouse gas 
emissions, and how it 
affects their business. 
Begin your search at 


— 


had to buy heating fuel 


Check and Reflect 


Knowledge 

1. Describe the GCM climate model that 
scientists use to study climate change. 

2. Explain why research on climate change 
requires international collaboration. 

3. In one or two sentences, state the purpose of 
the Montreal Protocol. 

4. What are CFCs, and what are they used for? 

5. Explain why the United Nations Framework 
Convention on Climate Change was an 
important step in international action on 
climate change- 

6. What is the Kyoto Protocol? 

7. Explain what emission-reduction credits are, 
and give an example of how they might be 
used by Canada. 

8. Describe two personal choices you could 
make to reduce your coatribution to 
greenhouse gas emissions. 

9. What is carbon dioxide sequestering? 


Applications 


10. If humans understood everything about the 
contro! of global climate, what other issues 
would still need to be considered in order for 
us to take action on climate change? 

11. Explain why simpler computer climate 
models are used for some climate research. 

12. Give an example of how an industry in 
Canada could reduce its contribution to 
greenhouse gas emissions. 

13. Describe some of the problems in 
implementing the Kyoto Protocol. 


Extensions 


14. The IPCC assesses the work of over 2500 
scientists from over 170 countries. State one 
benefit of having such a diverse group of 
people concerned about climate change. 

15. Explain why all countries must act together 
to address social, political, and 
environmental issues that are related to 
climate change. 
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severity of forest fires in Alberta 


133 Assessing the Impacts of Climate 
Change 


Canada is a relatively cold nation. so global warming might sometimes seem 
appealing. If global warming leads to climate change, however, there could 
be significant consequences to human life, Climate change might cause an 
increase in severe weather such as hurricanes, tornadoes, and thunderstorms. 
These could cause damage to property, crops, livestock, and even result in 
loss of life. Climate change could increase the number and intensity of 
droughts, which would cause crop failures and forest fires. damaging the 
agricultural, forestry (Figure D3.21), and tourism industries, and perhaps 
affecting the quality of our drinking water. Higher temperatures might cause 
more polar ice to melt, raising sea levels worldwide and flooding or eroding 
coastal communities. Climate change could also increase the intensity and 
length of heat waves. - 

Climate change would not just affect human life. If significant climate 
change occurs, then the biomes on our planet would also change. More northern 
regions would be impacted the most if the current warming trend in Earth's 
average temperature continues, The region of ice coverage would shrink, 
reducing the habitat of Arctic and Antarctic species. Figure D3.22 shows ono 
prediction of changes to the vegetation of Canada that could result from climate 
change. 
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T. 
P 


| M | EM 
m [o casae 


Source: Eevironment Canada 


Predicted changes in Canada's forest and grassland cover as a result 
of a doubling of carbon dioxide levels. Note Mal this study used dilferat factors to 
define biomes fan fis textbook 
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As the ice receded, the albedo of Earth's polar regions would also 
decrease. As a result, more solar energy would bo absorbed, increasing the rate 
at which warming of the poles occurred. Permafrost would also begin to thaw, 
leaving behind rotting vegetation that would increase the rate of emission of 
methane, a greenhouse gas, which would increase the rate of global warming 
even more. 
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Impacts of Climate Change on Alberta 


The agricultural and forestry industries, and the health of Albertans, 
could be affected by climate change. The biomes of Alberta could 
also be affected, which would change the amount of suitable habitat 
for some species. 

Droughts are predicted to become more frequent if climate 
change occurs. If average temperature increases, water will evaporate 
from soil more quickly. Without careful management, crop yields 
could drop by 10% to 30% as a result. To compensate, agricultural 
workers might have to change the crops they grow and when they 
plant. For example, since winter wheat can grow in dry conditions, 
Alberta's farmers might have to.change from moisture-loving canola 
to this crop (Figure D3.23). Changing crops can cause an economic 
loss, since different crops have different worth per acro. 

Agriculture in the more northern areas of Alberta might benefit 
from climate change. Warmer temperatures would mean longer 
growing seasons and increased crop yields. Frost-sensitive crops 
could be grown farther north. However, insect populations are also 
predicted to increase with warmer temperatures, so climate change 
could be damaging to agriculture overall 

Forests could also be affected by climate change. Drier conditions 
would slow the growth of forests and increase the risk of forest fires. As 
with crop plants, the retreat of ice cover could allow trees to grow 
farther north than they do now. Howevor, warmer temperatures could 
also increase the population of insects that can harm forests, such as 
spruce budworm (Figure D3.24). These consequences of climate 
change could harm both the forestry industry and the wildlife that 
depend on forests for their habitat. 

If climate change occurs too rapidly, natural ecosystems, 
protected areas, and wildlife in Alberta would have to adapt quickly 
to new climate conditions. Some species would not survive. For 
example. plant species that could not survive the new climate condi- 
tions wonld die out and other species would move in. This would 
shift the boundaries of Alberta's biomes. Shrinking of the tundra and 
taiga biomes would mean far less habitat for the organisms that live 
in these biomes. Animals that depend on wetlands, such as the trum- 
peter swan, would also be at higher risk of extinction. 

Warmer temperatures could also affect the health of Albertans. If 
climate change caused longer and more intonse heat waves, air 
pollution in larger urban areas would worsen. People with respira- 
tory diseases, such as asthma, would suffer more illness. Diseases 
associated with insects in warmer areas would also increase in 
Alberta. For example, Lyme disease is spread by à species of ticks 
that cannot survive cold temperatures. This tick could survive in 
Alberta if the average temperature continues to increase, and 
Albertans would be at risk of this disease for the first time. 


An increase in the number 
Cf droughts is Alberta would mean that some 
Crops, like canola. could ^o longer te groan 


Successtully 


03.2 
linked with increases in insect populations, 


Warmer temperatures are 


many of which are harmful to the agricultural 


and forestry industries, 
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Activity 020 


Decision-Making Investigation 


The Impact of Climate Change 
on a Taiga Biome 


, Begin your search at 
> www pearsoned.ca/school/sciencetÜ 


— — | FIGURE 03.25 a 
species that live in polar 


regions would be threatened 
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The Issue 
How will climate change affect tourism? 


Background Information 


The polar bear is a well-loved symbol of northern Canada 
(Figure 03,25). The Canadian Wildlife Service has been 
gathering data on the polar bears in Churchill, Manitoba, for 
over 30 years, and using this informabon to determine how 
changes in the environment due to climate change are 
affecting the bears. Polar bears eat only during the winter, 
when they are on the ice. They depend on large areas of ice 
cover to be able to travel the great distances needed to hunt 
successfully. Once temperatures increase and the ice breaks 
up, the bears’ abilities to catch prey become very limited. 
Monitoring when the ice breaks is therefore an important 
tool in predicting the bears’ chances of long-term survival 
According to Environment Canada, the average 
temperature in western Hudson Bay has been increasing by 
0.3°C to 0.4°C every decade since 1950. As a result, the ice 
is breaking up 2 to 4 weeks earlier than 20 years ago. forcing 
bears to come ashore hungrier and leaner. The bears then do 
not eat until the ice freezes up again, and the warmer 
temperatures are also causing the ice to form later than in 
the past. Many female polar bears are unable to hunt long 
enough to gain sufficient fat to sustain themselves and their 
cubs over the winter. Scientists at Environment Canada have 
studied adult male and female bears over the same 20-year 
period that declines in ice cover were observed. They have 
concluded that there is a direct correlation between early ice 
break-up and a decline in the health of the polar bears. in the 
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Required Skills 

= initiating and Planning 

» Performing and Recording 
a Analyzing and Interpreting 


» Communication and Teamwork 


number of cubs in a litter. and in the survival rate of the 
Cubs. The bears are also forced to look for food in areas 
close to humans, such as in garbage dumps, sometimes 
with tragic results. 

From climate models, scientists predict that westem and 
southern Hudson Bay could become 3°C to 5"C warmer 
within 50 years. Because the polar bears of this region are at 
the southernmost point of their range, they serve as a 
warning of the potential consequences of climate change to 
many other species. Some scientists predict the polar bear 
will be extinct in 50 to 100 years. For a town like Churchill, 
where polar bear tourism accounts for 60% of the economy, 
this could also mean economic and social disaster. 


Analyze and Evaluate 


1. Restate the issue concerning the problem of polar bears. 
and climate change in Churchill, Manitoba. 


2. List the short-term and long-term consequences related 
to this issue 


3. In 1991, Mount Pinatubo, a volcano in the Philippines, 
erupted. The gases that were released into the atmo- 
sphere cooled the planet. Use electronic and print 
resources to research the effect this cooling had on the 
polar bear habitat in the Hudson Bay area, and on the 
polar bear population size im that area. 


Imagine you are a community member in the town of 
Churchill. Concerns have been raised about the 
increased number of sightings of polar bears in town. 
Prepare a position paper to present at a town council 
meeting from one of the following points of view. 
Remember to identify the benefits and risks associated 
with this issue from that point of view 

* mayor 

* meteorologist 

* local hotel owner 

* local tourist operator 

* local parent 

* climate change scientist 


Canada’s Action Plan on Climate Change Emissions by Econernic Sector 


f vansporator 5% eiecrcity 17% 

Figure D3.26 shows the contribution made by different sectors 

of Canadian society to greenhouse gas emissions in 1998. The di and qus 
Uber 5% 18% 


Government of Canada bas developed an action plan to reduce 
greenhouse gas emissions in those sectors that impact green- 
house gas omissions the most (Table D3.3) 


ism Key features of The Govermment of Canada's Action Plan 2000 
on Chmate Change 


develop more fuel-efficient vehicles 
* increase use cf fuels that produce less carbon dioxide, such as ethanol 


* develop technologies to reduce or eliminate emissions, such as 
hydrogen-powered fuel cells 


* encourage efficiencies in the transport of freight 
encourage more use of public transit 
find and create suitable carbon dioxide capture and storage sites 


work with oil and gas sector to improve energy efficiency 


Support the development of emerging renewable energy sources that do 
not emit greenhouse gases, sach as solar and wind energies 


* educate Canadian citizens on how they can act io reduce the greenhouse 
das emissions contributed by their personal actions 


encourage businesses to make renovations that use more energy- 
efficent beating and cooling systems 


* promote construction of energy-efficient residential housing 
improve energy-efficiency standards for household appliances 


promote best practices in fertilizer application, and in soil and livestock 
management 


promote the planting of trees in areas whore no trees previossly existed 


conduct eneray-efficiency audits to identify further areas for 
improvement 


Support the use of renewable energy technologies, such as biomass, 
solar energy, and geothermal energy for heatiag 
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Select one area of bfe in 
Alberta that could be 
impacted by climate change. 
Look for additional 
information, then analyze 
the risks and benefits of 
climate change on the area 
you chose. Begin your 
search at 


Balancing Environmental, Social, and Economic Goals 


Although the Government of Canada has ratified the Kyoto Protocol, some 
Canadians think this agreement is not the best way to proceed. Some believe 
it will be impossible for Canada to meet tho objectives of the Kyoto Protocol 
unless major changes are implemented soon, despite some economic costs. 
Others are concerned that the economic Impacts of the Kyoto Protocol will be 
too sevore, and so will not allow sustainable development of Canada's 
resources. In 2002, the Government of Alberta produced its own action plan 
against human impact on climate, called Albertans & Climate Change. This 
plan offered alternative ways to reduce greonhouse gas emissions other than 
those that would be required by the Kyoto Protocol. 

However Canadians proceed, we will all need to be involved in decisions 
related to climate change. For example, oil, gas, and electricity production 
account for 35% of Canada's greenhouse gases. If a reduction is to be made, 
everyone must reduce their energy use. No one group of people, political party, 
or company can do it alone. It will require an effort by everyone to change their 
present usage of energy if emissions of greenhouse gases are to be reduced. 


Check and Reflect 


Knowledge 


1. Describe at least three consequences of 
climate change to Canada. 


10. Describe some of the changes that can be 
made in the day-to-day business of Canada to 
help us to reduce greenhouse gas omissions. 


11. Different computer climate models generate 


2, Why would tundra biomes be impacted more 
by climate change than other biomes? 

3. Explain why climate change could change 
the boundaries of the planet's biomes. 

4. Outline the potential consequences of 
climate change on the agriculture industry in 
Alberta. 

5. Describe the potential consequences of 
warmer temperatures on the forests of 
Alberta. 

6. State the sectors that the government of 
Canada has targeted as its focus for reduction 
of greenhouse gas emissions. 

7. List five ways that the transportation sector 
could reduce greenhouse ges emissions. 

8. State which sector of Canadian society could 
benefit from climate change, and describe the 
potential impacts. 


Applications 


9. illustrate the data in the pie chart in 
Figure D3.26 in another graphical format. 
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different conclusions on the potential for 
drought in Alberta as a result of climate 
change. Suggest possible reasons for these 
conflicting conclusions. 

12. Using an example, describe how climate 
change could impact the tourism industry. 


Extensions 


13. Use print and electronic resources to find the 
current status of Canada with respect to the 
Kyoto Protocol. Summarize your findings in 
one or two paragraphs. 


14. Select one of the five sectors identified in 
Table D3.3 that have been targetod by the 
Canadian government as areas that could 
significantly reduce their greenhouse gas 
emissions. Carry out additionnl research to 
find out what has changed in this sector to 
address the problem of greenhouse gas 
emissions. 

15. Use print and electronic resources to 
research any new predictions on the impacts 
of climate change on Alberta. 


1, Describe the role of the IPOC. 


2. Identify at loast three human activities that add 
greenhouse gases to the atmosphere. 

3. Describe how the concentrations of greenhouse 
gases on Earth are changing, according to the 
evidence collected by scientists. 

4. According to IPCC data, what was the increase 


in Earth's average surface temperature during 
the 20th century? 


5. Describe the position of the IPCC on the 
relationship between the increase in averago 
surface temperature on Earth, and climate 
change. 

6. Describe two pieces of evidence that do not 
support the theory that Earth is currently 
undergoing climate change. 

7. What is global warming? 

8, Carbon dioxide concentrations in the 
atmosphere are currently rising. Explain why 
this is occurring by referring to carbon sinks and 
carbon sources. 


9. Give one example of how carbon dioxide gas is 
removed from the atmosphere. 


10. How is the enhanced greenhouse effect thought 


to be connected to global warming? 


11, What did the nations that signed the Montreal 


Protocol agree to do? 


12. Describe the impact of CFCs on the 


environment. 


13. Describe the key idea that emerged from the 


United Nations Framework Convention on 
Climate Change. 


14. Describe the commitment that Canada would 


need to meet, according to the provisions of the 
Kyoto Protocol. 


15. List the five areas that have boen identified by 


the Government of Canada as targets for 
greenhouse gas emission reduction. 


16. Explain how using renewable energy sources 
could help to reduce greenhouse gas emissions. 


17. Describe how life in Alberta could be impacted 
by climate change. 
18. Outline how Alberta's forests would be 


impacted by climate change. Include examples 
of social, environmental, and economic impacts. 


Applications 


19. In a short paragraph. describe some of the 
possible impacts of the enhanced greenhouse 
effect on the world's climate. 


20. Explain why it is important to know the level of 
confidence that scientists give to their climate 
change predictions. 

21. Why is sustainable development a global issue? 


22. State the key international agreements dealing 
with issues of global climate change. Describe 
tbe goals and results of these agreements. 


23. Describe the three ways that a country can earn 
emission-reduction credits under the Kyoto 
Protocol. 


24. Describe how buildings contribute to 
greonhouse gases, Suggest some ways that the 
emissions of greenhouse gases from buildings 
can be reduced. 

25. Describe how human health could be affected by 
climate change. 


Extensions 


26. Explain why the following statement is true: The 
study of climate change is not a precise science. 

27. Climate change may occur so slowly that it 
would have little or no effect during your 
lifetime. If this were the case, do you think that 
governments, scientists, and other citizens 
would no longer need to be concerned about 
climate change? Defend your position. 


28. Create a concept map of the key terms used in 
this section. 
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Risky Solutions 


Background Information 

Since climate change could have global consequences, some 
peopie have suggested some very inovative technologies to 
reduce or reverse the impact of human activity on Earth's climate. 
However, every new technology has the potential to create sew 
problems, so beth the positive and negative potentials must be 
considered in the final decision of whether or not to adopt a new 
techaniogy. 


Scenario 

You are part of 2 committee that allocates research funds for 

Studying new technologies to minimize or reverse the effects of 

human activity on climate. Funds are med so your committee 

can only give financial support to one project. The proposed 

projects are summarged beiow 

A) iron Fertilization 
This project would redece carbon dioxide levels by 
increasing the oceans’ populatons of algae, which use 
Carbon dioxide Guring photosynthesis. Algae growth would 
be stimulated by adding iroa to their environment 
Supertankers would travel the world, releasing millions of 
tonnes of iron on the oceans’ surfaces. 


B) Sulturic Acid Screen 

in the atmosphere, Sur dioxide gas combines with water 
vaposr and forms drops of suifunc acid. which refiect 
Sunlight back into space. in this project. large airplanes 
would fly throughout Earth's atmosphere each year. 
releasing tonnes of suffur dioxide gas. Ths would produce 
a suitenc acd screen. which wosid decrease the mscistion 
of Earth's surface. and so decrease the average global 
temperature. 


C) Refiecting Balloons 
The authors of this proposal would release billions of large 
balloons into the atmosphere. These balloons would reflect 
some of the incoming solar energy, reducing the msotznon 
of Earth's surface This could change Earth's net radation 
budget back to is value prior to De industrial Revolution. 
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D) Baming Stur 
This group proposes to send ships that are burning tonnes. 
of sulfur travelling over the word's oceans. The burning 
suttur would release targe amounts of sulfur particies into 
the atmosphere, and crease the rate of oud formation. 
The resulting increase in Gov cover would reduce the 
amount of sunlight reaching Earth's surface. 


E) Sequestering Carbon Dioxide in the Ocean 

Levels o! carbon dioxide in Earth's atmosphere are 
increasing. contributing significantly to the enhanced 
greenhouse effect. Ths group proposes to remove carbon 
Sonde from the atmosphere and inject it Grectly into the 
Geep ocean. The carbon dioxide gas would then Gssolve in 
The water, removing if from the atmosphere and storing @ in 
the ocean. É 


Research the Issue 

Research the issue by referring to the foliowing resources: 

1. Look at the Web. Check the internet for information 
regaráng the parscular technology you chose. 

2. Ask the experts. Contact climate research insStutes, compa- 
nies involved in making or testing the technology. and 
emaronmental groups. 

3. Look im magazines, newspapers. or books for information 
regarding the technology you chose. 


Analyze the Issue 


4. Summurize the information you have found in a short report 
9r Secon presentason Inciude your recommendation to 
de committee on whether they should support further 
research into this parScular idea Your report or presenta- 
don should include current information on the technology, 
and discuss the advantages and disadvantages of the ea. 


Address the Issue 


S. Present your findings to your classmates in a convincing 
presentation. 


—— — — ——— 


A Personal Plan for Reducing Carbon Dioxide 


Currently, Canada contributes an average of 17 000 kg per 
person of carbon dioxide gas to the atmosphere every year If 
each of us could reduce our emissions by only 2% a year. tis 
amount would drop to about 15 000 kg per person in only 
10 years! in this activity, you will create a personal plan to 
reduce the greenhouse gas ernissions cf you and your family 


Potential Reduction per Action 


160 kg CO/y 
140 kg C per 1 
redacbon 


Use compact tuorescent bulbs | 230 kg C per 
6 bulbs replaced 


48 kg CO/L of 
gasoáne saved 


— — 


Wash ciothes in warm or cold water 
+ 
Lower room temperature 


| 332 kg COA of 


Walk, bie. Carpool, or use mass 
transit 


Plant a tree near your house 


Do not use heat to Gry dishes 
m he der 


110 kg Cy 
ELI. 
290 kg CU 


Í 


910kg e 

540 kg O per 
10% reduction 
160 kg COYy 


450 kg COL 


"Valves are an average figure and will not represent specific 
locations or situabons. 
‘Source Summe Detence 


Criteria for Success 


* Your plan must reduce your family's carbon Gadde emis- 
sions by 2% over one year. assuming that your current 
emissions are at the Canadian average of 17 000 ko per 
person per year 


* Your plan must indicate the reduction in carbon dioxide 
erussions you will achieve for each month of the year 


* Your plan must take into account the economic and social 
Costs to your tamily, and balance Them with the benefits of 
your plan. 


Procedure 


O w actions, on the table provided. that you think are 
most likely 10 be possible for your tamily. Determine the 
reduction of carbon dioxide emissions that would be 
achieved for each action for each month and for one year. 


© Determine if me emission reductions from your plan will 
meet the 2% goal. Modify your plan to meet this goal if 
necessary. 

© Research the economic costs of implementing your pian. 
For example. if your plan inctudes replacing the ulbs in 
your home with compact fluorescent bulbs. find out the 
cost of this replacement. With your tamily, determine how 
able you are to meet these costs. 

© Consider the social costs of implementing your plan. For 
example. you might find out how willing your tamil s to forgo 
ertertarrnert n order to pay tor replacement ight bulbs. 


Analysis 


1. Review the environmental, social and economic costs of 
the actions on your pian. Do you need to modify your plan 
based on these coasiderations? 


Reporting 


2. Draw graphs or charts to Mlustrate the monthly carbon dioxide 
reductions that wl be achieved by your family throogh your 
pian. Include a one-page summary of your plam. with a place 
tor the Signature of everyone who will be involved in carrying 
ost the plan. 


QI) timate reseits trom interactions among the 
components cf the biosphere. 
Key Concepts 


c e 


Learnings 
* Cismeace is t 


region 


9 0 


mate of a 
30 years 
* The components of the biosphere are the iithosphere 


hydrosphere, and atmosphere 


[D20] Pr 


Key Concepts 


* solar raten budget 


e climate zones. transfer of thermal energy by the 
hydrosphere and the atmosphere 

© retabonstuip between biomes and solar energy and 
ctenate 


Learnings 


* Thermal energy is the energy 
Substance by virtue of the kinetic energy of its moie- 
cules or atoms 


* insolation is the amount of solar energy rec 
region of Earth's surface. Insolaton vanes wth lat 
albedo, cloud cover, and atmospheric Gust 


* The net ractation budget is the difference between the 
amount of incoming radiation and outgoing radiation: 
from Earth's surface and atmosphere 

* Thermal en transfer is the movement of thermal 

energy from an area of high temperature to an area of 

low temperature. 


* Global! winds result from convection in the atmosphere 
and are modified by me Coriolis effect. which is the 
deflection of any obiect from a straight-line path by 
Earth's rotation 
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mate conditions. Bomes are 


[03.0] Changes in global energy transfer could cause 
climate change, and impact human life and the 
biosphere. 

Key Concepts. 
* social and environmental contexts for investigating 
Cirnate change 


* human activity and climate change 


Learnings 


* The enhanced greenhouse effect is the change in 
Earth's net radiation budget caused by the increase in 
human-generated greenhouse gases 

Oe change is a giobal issue that requires interna- 
tonal collaboration 


© The effects of climate change are dficuk to predict 


1. Create a concept map with the term “climate 
change” at the centre. that links all the terms in 
the list below. 


albedo 
angle of incidence 
angle of inclination 


2. Explain the difference between weather and 
climate. 


3. Give an example of climate and an exemple of 
weather that illustrates the difference between 
these concepts. 

4. Compare the composition of Earth's atmosphere 
to the atmospheres of Mars and Venus. 

S. List the four layers of Earth's atmosphere. 

6. Explain bow temperature varies with altitude in 
Earth's atmosphere. 


7. What is the ozone layer? 
8. Draw a diagram to illustrate the components of 
the lithosphere. 
9. In point form. outline the characteristics of the 
hydrosphere. 
10. Describe two examples of the effect of climate 
on your daily life. 
11. in à short paragraph. describe the effect of 
climate on the behaviour of one animal species. 


12. What types of evidence are used to provide 
evidence of climate change? 


13. In a sentence. identify the main source of Earth's 
energy. 

14. Identify four different types of radiation that can 
be found in solar radiation. 

15. What is radiant energy? 

16. Define insolation. 

17. Describe the relationship between Earth's angle 
of inclination and the seasons. 

18. State the angle of inclination of Earth. 


19. Relate the effect of refiection and absorption in 
tbe atmosphere to the amount of solar energy 
that reaches Earth's surface. 


20. A small proportion of the solar energy that 
reaches Earth is used for a process not related to 
Earth's climate. Identify this other process. 

21. Describe how insolation varies with latitude. 
22. Compare the relative albedo of Earth's surface in 
an area covered with water, such as the ocean, 

end an area covered by grasslands. 


23. Explain why a city at the equator would receive 
more solar energy on average than would Red 
Deer, Alberta. 


24. State the component of the atmosphere tbat is the 
main contributor to the natural greenhouse effect. 


25. Identify three greenhouse gases. 

26. Explain the relationship of the net radiation 
budget to Earth's climate. 

27. What area of Earth has a net radiation budget 
surplus? 
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28. la convection or conduction more important in 
moving thermal energy in the atmosphere? 


29. Identify what is transferred by global winds. 


30. Describe the difference in the Coriolis effect in 
the Northern Hemisphere and the Southern 
Hemisphere 


31. Distinguish between the Coriolis effect and the 
jet stream. 


32. Describe how convection of the gases in the 
atmosphere causes differences in air prossure. 


33. Describe how differences in the insolation of 
Earth's surface are related to wind. 


34. Identify the variables that must be controlled in 
order to determine the specific heat capacity of a 
substance. 


35. What is the function of a calorimeter? 


36. Describe how thermal energy is transferred in 
the hydrologic cycle. 


37. In one or two sentences, distinguish between the 
heat of fusion and the heat of vaporization of a 
substance. 


38. Describe how phase changes of water transfer 
thermal energy. 


39. Distinguish between the biosphere and a biome. 


40. Name at least three biomes that ere found in 
Canada, and state one characteristic of each. 


41. Describe how most energy enters a biome. 


42. Give an example of a way in which matter might 
move in and out of a biome. 


43. Identify the biomes in western Canada. 


44. In one or two sentences, explain the purpose of 
a climatograph. 


45. Describe the information that is found on a 
climatograph. 


46. Explain how climatographs can be used to 
analyze thermal energy transfer in biomes. 
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47. Identify the components of the biosphere that 
are considered in general circulation models of 
climate, 


48, State the name of the international organization 
that reports scientific information on climate 
change to the public. 


49. Distinguish between the natural-greenhouse 
effect and global warming, 


50. Explain why greenhouse gases like methane and 
nitrous oxide are thought to have more effect on 
Earth's climate today than does water vapour. 


51. Identify the human activity that contributes the 
highest level of greenhouse gas emissions to the 
atmosphere. 


52. What is the enhanced greenhouse effect? 


53. Explain why carbon sinks are important to the 
enhanced greenhouse effect. 


54. Describe two pieces of evidence that support the 
view that climate change is occurring. 

55, Explain why climatologists include the 
confidence level of their data and predictions 
when reporting the results of their 
investigations. 


56. Create a timeline of the international agreements 
that address the issue of climate change. 


57. In your own words, describe the main points of 
the Montreal Protocol 


58. Describe the emission-reduction credits of the 
Kyoto Protocol. 


59. Describe the purpose of the work published in the 
government document entitled Canada Country 
Study: Climate Impacts and Adaptations. 

60. Describe three potentia! consequences of climate 
change that would affect Canada. 


61. In a paragraph. predict how the increase in 
average global temperature could affect the 
albedo of the Arctic in the future. 


62. Outline the main points of The Government of 
Canada's Action Plan on Climate Change. 


63. Describe a change you could make in your daily 
life that would help to reduce the emission of 


groenhouse gases. 


Applications 


64. Rewrite the following statements to correct any 
errors: 
a) The last two weeks of rain have made the 
climate miserable. 
b) This kind of weather is the reason that good 
crops grow here every year. 


65. Relate a personal experience in which you had 
to modify your environment because of the 
weather. 

66. Relate a personal experience in which you had 
to modify your environment because of the 
climate, 


67. Give two examples of anecdotal evidence of 
climate change and two examples of scientific 
evidence. 


68. Create a concept map using the terms: 
biosphere, atmosphere. lithosphere, and 
hydrosphere. 

69. Describe one distinguishing characteristic of 
each layer of Earth's atmosphere. 

70. Describe the effoct on Earth's climate of the 
release of large amounts of atmospheric dust 
into the atmosphere. 

71. Describe an example of how the components of 
the biosphere can interact to moderate the 
climate conditions of an area. 

72. Why is it useful for scientists to divide the Earth 
into different biomes? 

73. lf the borders of a biome were to change, how 
would it affect the organisms in the area? Would 
it affect humans? Give examples to illustrate 
your answer, 

74. Explain the difference between a system and its 

li 

75. Using an example, distinguish between a closed 

system and an open system. 


76. Compare and contrast the features that classify 
celis and biomes as open systems. 


77. Suggest one possible change that a biome might 
experience if the input of solar energy into the 
biome were reduced. 


78. Outline the relationship between variations in 
insolation, and the types of plants and animals 
in à biome 


79. How does the angle of inclination and the angle 
of incidence affect the insolation of your 
community? 


80. Does Canada havo a higher average albedo in 
summer or in winter? Why? 


81. Describe the natural greenhouse effect, 


82. Explain how convection moves thermal energy 
from one area of a fluid to another. Include a 
description of any changes in density that occur. 


83. Describe how thermal energy is trans fartod from 
one area to another on Earth. 


84. Draw a diagram to illustrate the variation of net 
radiation budget with latitude. 

85. Calculate the quantity of thermal energy 
required to increase the temperature of 100.0 kg 
of water from 10.0*C to 20.0°C. The specific heat 
capacity of water is 4.19 /g. C. 


86. Calculate the temperature change that occurs 
when 1290 | of thermal energy are added to 
12.0 g of water and no phase change occurs. The 
specific heat capacity of water is 4.19 /. K. 

87. The temperature of a piece of iron increases 
from 24.0°C to 46,0*C when 148.5 J of thermal 
energy aro applied. Given that the specific heat 
capacity of iron is 0.449 „/g C. determine the 
mass of the iron. 

88. When 10.0 J of thermal energy are added to a 


15.0-g mass of gold. the temperature of the gold 
increases by 5.1*C. What is the experimental 


specific heat capacity of gold? 
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. Calculate the amount of thermal energy 
rgy 


required to melt 200 g of ice at 0.0°C. The 
molar mass of ice is 18.02 g/mol. and the heat 
of fusion of ice is 6.01 kj/mol 


. Determine the amount of thermal energy 


required to evaporate 2.00 mol of liquid water 
at 100,0°C. The heat of vaporization of water is 
40.65 kj/mol 


Calculate the number of moles of liquid water 
at 100.0*C that can be evaporated by the 
addition of 203 kJ of thermal energy. The heat 
of vaporization of water is 40.65 kJ/mol 


1f 21 K of thermal energy are added to ice at 
0.0°C, how many grams will change to the 
liquid phase? The molar mass of ice is 
18.02 g/mol, and the heat of fusion of ice is 
6.01 kJ/mol. 


State the change in the levels of greenhouse 
gases in the atmosphore that occurred in the 
20th century. 


Agree or disagree with the following statement 
Investigating climate change is a responsibility 
of all the countries on Earth. Justify your 
answer. 


Describe at least two economic or social factors 
that have influenced the implementation of the 
Kyoto Protocol. 


List at least five effects that climate change 
would have on Alberta. Arrange your list from 
the largest to the smallest effect, and explain 
how you decided the order. 


Extensions 
97. Explain why some people argue that there is 


currently insufficient evidence to conclude 
that climate change is occurring or is likely to 
occur. 
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101. 


Imagine that farmers in an area near to your 
community are reporting that the growing season 
is longer than in the past. Write a hypothesis to 
explain this observation. Describe how you might 
use weather records to test your hypothesis. 


„ Explain why a biome is considered to be an 


open system, using the terms: input, output, 
energy, and matter. 


The atmosphere above some areas of Earth's 
surface is undergoing ozone dopletion. The 
levels of what types of radiation would likely 
increase at Earth's surface in these areas as a 
result? 


Describe the potential consequences to climate 
if a volcano were to erupt and release large 
amounts of dust into the atmosphere. 


102. if a mass of cold air is approaching vour town 


103. 


105. 


from the west during the summer, predict the 
direction in which the wind will be blowing. 


Suggest one difference in Earth's climate that 
would result if water had a low specific heat 
capacity. 


Why is the assessment of the IPCC on climate 
change taken more seriously than the 
assessment of any one individual scientist? 


Suggest some advantages and disadvantages to 
climatologists reporting a confidence estimate 
of the data or predictions in their work. 


106. Explain the following statement: Climate 


change is a social, political, and environmental 
issue. 


Skills Practice 


107. 


From the information presented in the 
climatograph on the next page, write a travel 
brochure that provides visitors to Caracas with 
information such as the best time to visit, the 
type of clothing they should bring, and what 
kind of accommodation would be appropriate 
for a comfortable stay in this climate. 


Average Temperature (^C) 


Avorage Precipitation (mm) 


‘Source: World Climate (www warldciemati com) 


108. The cities of Fort McMurray, Alberta, and 


Inverewe, Scotland. are located at similar 
latitudes. Construct a climatograph for both 


cities, using the given data. Write a paragraph 


describing the climates of the cities, and 
propose a reason for any differences, 


Average Climate Conditions of Fort McMurray, Alberta, 
Canada, 56.4° N 


109. What is one thing you learned in this unit that 
you would like to find out more about? 

110. Why is it important to consider alternative 
perspectives with any issue on global climate 
change? 

111. Describe one aspect of your lifestyle you could 
modify or change to help reduce human 
impact on climate change. 

112. Identify at least one personal, one social, and 
one environmental consequence of the change 
to your lifestyle that vou suggested in your 
answer to question 111 above. 
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Note: The number in parentheses at the end of each 
definition indicates the page number in this book 
where the term first appears. 


A 

absorb to convert radiant energy into another form of 
energy. such as kinetic energv (352) 

acceleration change in velocity during a specific 
time interval (135) 

acid substance that produces hydrogen ions (H*) 
when dissolved in water; compound that dissolves 
in water to form a solution with a pH lower than 7 
lat 25*C) (62) 

active transport movement of molecules or ions 
across a membrane against a concentration gradient 
requires energy from ATP (278) 

adaptatiom any change in tbe structure or function of 
an organism that makes it more suited to its 
environment (350) 

addiction physical dependence on a drug (71) 

adenosine triphosphate (ATP) nucleotide that 
releases stored energy in a cell (279) 

adhesion tendency of unlike molecules to stick 
together (316) 

albedo percent of incoming solar radiation that a 
surface reflects (363) 

alkali metals soft, shiny, silvery elements, very 
reactive with water; group 1 in the periodic table 
(31) 

alkaline-earth metals shiny. silvery metals. not as 
soft as the alkali metals: group 2 in the periodic 
table (31) 

altitude the distance above Earth's surface, mossured 
from sea level (the surface of Earth's oceans) (344) 

anecdotal evidence evidence that relies on reports 
from people about particular events and their 
interpretation of these events; anecdotal evidence 
has not been tested for bias or to ensure it applies to 
general situations (352) 
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angle of incidence the 
a surface and the line of the perpendicular to that 
surface (359) 


angle between a rav falling on 


angle of inclination the degree by which Earth's 
poles are tilted from the perpendicular of the plane 
of its orbit, or 23.5* (357) 

anion negatively charged ion (35) 

area of elongation an area of cells in the developing 
plant, facing away from the light source. that each 
elongate in 2 phototropic response to the light 
stimulus; the substance that initiates the 
phototropic response is auxin (326) 

arm of microscope carved portion of the microscope 
that holds all the optical parts at a fixed distance 
and keeps them aligned (478) 

atmosphere the layer of gases that surround Earth 
(343) 

atmospheric dust solid particles less than 0.66 mm 
in diameter suspended in Earth's atmosphere (343) 

atmospheric pressure the pressure exerted by the 
mass of air above any point on Earth's surface (372) 

atom smallest part of an element that still has the 
properties of the element (21) 

atomic molar mass average molar mass of an 
element's atoms. including those of all the element's 
different isotopes (34) 

atomic number number of protons in an atom: can 
be used to specify an element (33) 

ATP adenosine triphosphate, the nucleotide that 
releases stored energy in a cell. (279) 

auxin type of plant hormone that promotes cell 
growth or elongation (327] 

average speed distance travelled in a specified time 
(128) 

Avogadro's number number of atoms in 1 mol; 
approximately 6.02 x 10°: symbol: N, (107) 


B 

base substance that produces hydroxide ions (Ot) 
in water: compound that dissolves in water to form 
a solution with a pH greater than 7 (at 25°C) (62) 

base of microscope bears the weight of all the parts 
of the microscope (478) 

bioindicator an animal or plant that shows a 
measurable response to a change in its environment 
(332) 

biome a large geographical region with a particular 
range of temperature and precipitation levels, and 
the plants and animals that are adapted to those 
climate conditions (391) 

biosphere a relatively thin layer of Earth that has 
conditions suitable for supporting life as we know it 
(343) 

bovine spongiform encephalopathy (BSE) a 
chronic degenerative disease affecting the nervous 
System of cattle that is linked to specific infectious 
proteins called prions and produces large vacuoles 
or empty pockets in brain tissue: it is commonly 
known as “mad cow disease" (262) 

brightfield illumination in the light microscope in 
which the specimen is illuminated by an unfiltered 
beam of white light that passes from the 
illumination source through the specimen. into the 
objective, and then to the eyepiece (253) 

buffer substance that keeps the pH of a solution 
nearly constant despite the addition of a small 
amount of acid or base (62) 


c 

calorimeter a device used to determine the transfer 
of thermal energy (378) 

capillary action the ability of the surface of a liquid 
to cling to the surface of a solid. causing the liquid 
to move along that solid (315) 

carbohydrate sugars and related molecules formed 
by carbon, hydrogen, and oxygen atoms in a ratio of 
1:2:1; used as a major energy source by organisms 
(271) 

carbon dioxide sequestering a process of pumping 
carbon dioxide gas into the ground and storing it in 
sealed containers: may also refer to pumping carbon 
dioxide gas into the ocean bottom at very deep 
levels (424) 


carbon sink any process that removes carbon 
dioxide from the atmosphere, such as 
photosyntbesis (413) 

carbon source any process that releases carbona 
diaxide to the atmosphere, such as burning of fossil 
fuels (413) 

carbonic acid a weak acid produced by dissolving 
carbon dioxide in water (93) 

carrier protein a protein present in a cell membrane 
that binds toa. specific molecule and transports it 
through the membrane (278) 

cation positively charged ion (34) 

cell communication the ability of cells ina 
multicellular organism to interact with each other 
and to influence each other's activity (262) 

cell membrane structure that surrounds a cell and 
regulates the passage of materials between the cell 
and its environment: also called plasma membrane 
(267) 

cell theory the cornerstone of biology. which states 
that all living things are made up of cells, the 
smallest units of life, and all cells are produced 
from pre-existing cells (251) 

cell transport the movement of materials into and 
out of cells (274) 

cell wall a rigid frame around the cell in plants, 
bacteria, and some protists: provides strength and 
support (268) 

cellular respiration breakdown of glucose 
molecules to release chemical energy that a cell can 
use (82) 
C,H, Os. + Osy SC + BH, Oy + energy 

glucose + oxygen carbon dioxide + water 

centrioles paired structures found in animal cells 
that are important for the process of cell division 
(272) 

channel protein a protein in tbe cell membrane that 
forms a passageway through which specific solutes 
can pass by diffusion: some channels open and 
close in response to binding of specific molecules 
(278) 

chemical change change to a substance that always 
results in tbe formation of a different substance or 
substances (18) 


chemical energy potential energy stored in the 
chemical bonds of compounds (165) 

chemical equation record of a chemical reaction 
using chemical symbols and formulas; shorthand 
way of showing the results of a chemical reaction 
(86) 

chemical properties properties that describe the 
reactivity of a substance (13] 

chemical reaction process that occurs when a 
substance or substances react to form a different 
substance or substances (15) 

chlorofluorocarbons (CFCs) particular halocarbon 
compounds (70) 

chlorophyll a green pigment that makes 
photosynthesis possible (272) 

chloroplast a green organelle found in plants and 
some protists that contains chlorophyll and is the 
site of photosynthesis (268) 

climate average weather conditions that occur in a 
region over a long period of time, usually a 
minimum of 30 years (342) 

climate change change that occurs in the climate of 
a region over time, usually a minimum of 30 years 
(352) 

climatograph a summary of the average temperature 
and precipitation for each month of the year for a 
given location, presented as 2 graph (403) 
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closed system any system that exchanges energy 
with its surroundings but does not exchange matter 
(199) 

coarse adjustment knob moves tbe stage of the 
microscope up and down to bring the specimen into 
the focal plane of the objective lens (478) 
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cogeneration using waste energy from one process to 
power a second process (226) 

cohesion tendency of molecules of the same kind to 
Stick together (315) 

colloid mechanical mixture in which the suspended 
substance cannot be easily separated from the other 
substances in the mixture (14) 

combustion exothermic chemical reaction that 
occurs when oxygen reacts quicklewith a substance 
to form a new substance or substances (81) 

companion cells type of small phloem cells adjacent 
to sieve tube cells that appear to control sugar 
transport in the phloem (300) 

compound chemical combination of two or more 
elements in a specific ratio (14) 

concentration gradient difference within a given 
area between tbe highest and lowest concentration 
of a particular chemical substance (275) 

conclusion the outcome of an experiment based on 
the agreement or disagreement of the data with the 
hypothesis (450) 

conduction the transfer of thermal energy by direct 
contact between the particles of a substance, 
without moving the particles to a new location 
(370) 

confocal microscope a microscope that uses 
confocal technology (257) 

confocal technology systems that use the light 
microscope, laser beams, and computers to produce 
three-dimensional images from a combinetion of 
many perfectly-focused thin sections (257) 

contrast the ability to see differences between 
structures due to differences in their capacity to 
absorb light (253) 

control systems systems within plants that produce 
definite responses to specific stimuli (323) 

control (in an experiment) part of the experiment in 
which the manipulated variable is not changed in 
any wey from its normal condition [248) 

controlled experiment an experiment in which each 
variable is controlled in turn, allowing the 
experimenter to determine the effect of each (248) 

controlled variables conditions that are held 
constant throughout an experiment (248) 


convection the transfer of thermal energy by the 
movement of particles from one location to another 
(373) 

Coriolis effect the deflection of any object from a 
straight line path. caused by the rotation of Earth 
(372) 

covalent bond bond formed when non-metallic 
atoms share electrons; atoms in a molecule are 
bound together by covalent bonds (47) 
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coverslip thin piece of glass used to cover a 
specimen on 2 glass slide before examination under 
a microscope (480) 

crystal lattice organized array of ions (40) 

current flow from one place to another in one 
direction (371) 

cuticle waxy, non-cellular, waterproof coating that 
covers a plant's leaves and stems (299) 

cytoplasm a gel-like substance inside the cell 
membrane that contains nutrients and in which the 
organelles are suspended (267) 

cytoplasmic streaming distribution of materials 
within cells through a circular flow of the 
cytoplasm (267) 

cytoskeleton network of fine protein fibres that 
supports cells that contain a nucleus (272) 


D 

decomposition reaction chemical reaction in which 
a compound breaks apart into its elements (94) 

density mass per volume of a substance (371) 

dermal tissue the outermost cell layer of plants: also 
called epidermis (309) 

desalination tbe removal of salt from a solution. 
especially from seawater (288) 

dialysis tubing a seamless cellulose membrane with 
pores of a specific size (295) 


diaphragm adjusts the diameter of an opening to 
control the amount of light passing through the 
specimen (478) 

diatomic molecule molecule composed of two atoms 
of the same element (45) 

diffusion spontaneous movement of particles from 
an area of higher concentration to an area of lower 
concentration (275) 

displacement vector quantity thet measures the 
change in distance and the change in direction or 
position of an object (138) 

distance travelled scalar quantity that measures how 
far an object has travelled (137] 
between two ionic compounds in solution that 
often results in the formation of at least one 
precipitate (100) 

ductile description of a substance that can be drawn 
or stretched into long wires (29) 


E 

efficiency ratio of the useful work output to the total 
work input: measurement of how effectively a 
machine converts energy input into useful energy 
output (216) 

elastic potential energy energy stored in an object 
that has its shape changed by stretching. twisting. 
or compressing (175) 

electrical energy work done by moving charges; 
energy produced by moving electrons (265) 

electrolyte solution that conducts electricity; ionic 
compounds are excellent electrolytes (55) 

electron negatively charged particle in the atom that 
occupies energy levels around the nucleus (22) 

electron microscope (EM) 6 microscope thet uses a 
beam of electrons to produce images of fine detail 
(258) 
scanning electron microscope (SEM) an EM in 
which a three-dimensional image is formed by 
electrons bouncing off the surface of the specimen 
(2591 
transmission electron microscope (TEM) an EM 
in which tbe imago is formed by a beam of electrons 
that passes through a very thin section of a fixed 
and stained specimen (258) 
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electron-dense characteristic of a substance that 
does not allow electrons to pass through it, but 
either absorbs or scatters the electrons (258) 

element pure substance that cannot be broken down 
into other substances; substance made up of only 
one type of atom (14) 

emission-reduction credits (ERCs) credits given to a 
country under the Kyoto Protocol for actions that 
contribute to the global reduction of greenhouse gas 
emissions (422) 

endocytosis uptake of particles or molecules by 
formation of a vesicle from the cell membrane; 
requires energy from ATP (281) 


endoplasmic reticulum (ER) network of membrane 
tubes that branch from the nuclear envelope and 
circulate materials throughout the cell (268) 
smooth endoplasmic reticulum ER lacking 
ribosomes (258) 
rough endoplasmic reticulum ER studded with 
ribosomes (268) 

endothermic energy absorbing (81) 

endothermic reaction chemical reaction that 
absorbs energy (81) 

energy ability to do work (160) 

energy input energy used to do work (215) 

energy level region of space near an atom's nucleus 
that may be empty or may contain electrons; 
electrons in energy levels nearest the nucleus have 
the lowest energy. (32) 

enhanced greenhouse effect the change in Earth's 
net radiation budget, caused by the increase in 
human-generated greenhouse gases (414) 

epidermis the outermost cell layer of plants; also 
called dermal tissue (309) 
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equilibrium a state of balance between opposing 
actions (272) 

equinox one of two points in Earth's orbit when the 
number of daylight hours is equal to the number of 
hours of night (359) 

exocytosis release of molecules from a vesicle that 
fuses with the cell membrane to export the 
molecules from the cell: requires energy from ATP 
(281) 


exothermic energy releasing (81) 

exothermic reaction chemical reaction that releases 
energy. usually in the form of heat, light. or 
electricity (81) 

extrapolation the process of estimating the value of 
à measurement bevond the known values of a set of 
deta (412) 

eyepiece magnifies the image from the objective lens 
and conveys it to your eye (478) 


F 

facilitated diffusion diffusion of molecules across a 
membrane through binding to carrier proteins; does 
not require onergy from ATP: see also diffusion 
(278) 

family vertical column of elements in the periodic 
table: numbered from 1 to 18; also called group (31) 

fermentation biochemical preservation technique 
involving bacteria (19) 

field of view | area that can be seen through the 
microscope with a givea objective lens (245) 

fine adjustment knob makes subtle adjustments to 
produce clear sharp images (478) 

first law of thermodynamics the total energy. 
including heat, in a system and its surroundings 
remains constant (200) 


fluid-mosaic model description of the arrangement 
of protein molecules in the fluid double layer of 
phospholipids that make up the cell membrane 
(272 

fluids substances with no definite shape (such as 
gases and liquids) (371) 

fluorescence microscopy a technique to localize 
substances in cells by using the ability of those 
substances to fluoresce in the presence of 
ultraviolet light (256) 

force push or pull applied to an object; measured in 
newtons (156) 

formation reaction chemical reaction in which two 
elements combine to form a compound; also known 
as a synthesis reaction (91) 

formula equation chemical equation that uses the 
chemical formulas of reactants and products in a 
chemical equation to represent a chemical reaction 
{40) 

formula unit smallest amount of an ionic compound 
with the composition shown by the chemical 
formula; number of positive and negative ions in 
the smallest whole-number ratio thet results in a 
neutral unit in the crystal lattice of a compound 
(40) 

fossil fuels carbon-based fuels formed from the 
remains of living organisms (191) 


G 

gene mapping a technique to locate the position of 
specific genes within the genetic make-up of an 
organism (261) 

general circulation model (GCM) à climate model 
that incorporates the laws of physics to model 
climate on a global scale (419) 

seotropism directional plant growth response to 
gravity; may be positive or negative: also called 
gravitropism (323) 
negative geotropism growth against the 
gravitational force; also called negative gravitropism 
(323) 
positive geotropism | growth toward the 
gravitational force; also called positive gravitropism 
(323) 


GFP technology a process that allows cell activities 
to be studied by attaching the green fluorescont 
protein (GFP) to particular parts of the cell (258) 

global warming the observed increase in Earth's 
average temperature over time (415) 

Golgi apparatus flat stack of membranes that 
receive, modify, and transport products of the 
endoplasmic reticulum throughout a cell (269) 

gravitational potential energy energy of an object 
because of its position above the surface of Earth 
(167) 

gravitropism directional plant growth response to 
gravity: may be positive or negative; also called 
geotropism (323) 
negative gravitropism growth against the 
gravitational force; also called negative geotropism 
(323) 
positive gravitropism | growth toward the 
gravitational force: also called positive geotropism 
(323) 

greenhouse gases gases that contribute to the 
greenhouse effect. (365) 

ground tissue parts of the plant body not included in 
the dermal or vascular tissue systems: function in 
storage. photosynthesis, and support (299) 

group vertical caluma of elements in the periodic 
table; numbered from 1 to 18: also called family 
(31) 

guard cell specialized epidermal cell that swells and 
contracts to control gas exchange through a stoma 
in a leaf (302) 


H 

halocarbons human-made chemicals that can sbsorb 
large quantities of thermal energy (414) 

halogens non-metals in group 17 in the periodic 
table; fluorine. chlorine, bromine, and iodine (31) 

heat energy transferred from an object at a higher 
temperature to one at è lower temperature; thermal 
energy (169) 

heatengine device that converts beat into 
mechanical energy. (203) 
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heat of condensation the amount of energy released 
when 1 mol of a substance changes from the vapour 
phase to the liquid phase, without a change in 
temperature (383) 

heat of fusion (, the amount of energy absorbed 
when 1 mol of a substance changes from solid 
phase to liquid phase, without a change in 
temperature (383) 

heat of solidification the amount of energy released 
when t mol of a substance in the liquid phase 
changes to the solid phase, without a change in 
temperature (383) 

heat of vaporization (H,_,) the amount of energy 
absorbed when 1 mol of a substance changes from 
vapour phase to gas phase, without a change in 
temperature (383) 

heat pump device that uses mechanical energy to 
transfer heat. (204) 

hemodialysis treatment for kidney failure in which 
membranes in a dialysis machine clean the blood 
and remove wastes and excess water from the body 
that would normally be removed by a healthy 
kidney (287) 

herbaceous describes a soft plant stem with little or 
no woody tissue (299) 

heterogeneous mixture mixture in which the 
different substances are visible (14) 

homogeneous mixture mixture in which the 
different substances are not visible (14) 

hormone chemical compound that travels from its 
production site in an organism to other sites where 
it produces an effect (327) 

hydrocarbon compound that contains hydrogen and 
carbon; common hydrocarbons include the main 
components of gasoline (a mixture of many liquid 
hydrocarbons) and many plastics (95) 

hydrochlorofluorocarbons (HCFCs) compounds 
with similar properties to CPCs, but which destroy 
ozone much more slowly (421) 

hydrologic cycle (or water cycle) the process by 
which water molecules move from Earth's surface 
into the atmosphere and then back again (382) 

hydrosphere all the water on Earth. whether present 
as liquid, water vapour, or ice (343) 
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hypertonic describes a solution that has a higher 
solute concentration than another solution (278) 

hypothesis à way of restating a cause-and-effect 
question so that it gives a reasonable possible 
answer; possible explanation for observations; 
proposed answer to a question being posed (51) 

hypotonic describes a solution that has a lower 
solute concentration than another solution (278) 


1 

incoming radiation al! the radiant energy that 
reaches Earth (357) 

inert unreactive with all but the most corrosive of 
acids (29) 

insolation the amount of solar energy received by a 
region of Earth's surface (357) 

insulin hormone that binds to a protein on the cell 
membrane, allowing glucose to enter the cell by 
facilitated diffusion (286) 

Intergovernmental Panel on Climate Change (IPCC) 
an international group of scientists who assess 
information on climate change (415) 

internal combustion engine device in which energy 
is reloased by burning fuel inside the engine (210) 

fon electrically charged atom or group of atoms (34) 

ionic bond type of bond formed when electrons 
transfer between metals and non-metals (41) 
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Ore electros transiecs from the sodium atom to Pe 
Chiorine atom. 


ionization process of an atom gaining or losing 
electrons (34) 

isolated system system that cannot exchange either 
matter or energy with its surroundings (199) 


isotonic describes a solution that has the same solute 
concentration as another solution (278) 

isotopes atoms of the same element containing 
different numbers of neutrons. (33) 


J 


jet stream a band of fast-moving air in the 
stratosphere (374) 


K 

kinetic energy energy of a moving object (167) 

Kyoto Protocol an international agreement to reduce 
the emission of greenhouse gases (422) 


L 

lamp of microscope supplies the light required to 
view the specimen (478) 

latitude imaginary lines that run parallel to Earth's 
equator; the equator has a latitude of 0*, and the 
poles have a latitude of 90° N and 90° S (359) 

law of conservation of energy energy cannot be 
created or destroyed: it can only be changed from 
one form to another, and the total amount of energy 
never changes (184) 

law of conservation of mass total mass of the 
reactants in a chomical reaction equals the total 
mass of tbe products (21) 

lenticel a raised spongy region in the stem of a 
woody plant that allows gas exchange between the 
atmosphere and the interior of the plant (313) 

life force a natural force postulated to produce life 
spontaneously (spontaneous generation): the theory 
of a life force was disproved by Pasteur (247) 

light microscope an instrument with a system of 
lenses used for magnification in which the 
specimen is illuminated by a beam of white light 
(244) 

lipid fats and oils formed of carbon, hydrogen. and 
oxygen atoms in a ratio different from 1:2:1; 
insoluble in water (271) 


liposomes fluid-filled sacs surrounded by a 
phospholipid bilayer identical to the cell membrane 
of human cells; they can be incorporated into living 
cells, and are used to transport medication into 
diseased cells without affecting normal cells, and to 
insert DNA in gene therapy (285) 

lithosphere solid portion of Earth, composed of 
rocks, minerals, and elements (343) 


lysosome organelle containing enzymes that digest 
food. destroy bacteria. or break down damaged 
organelles in cells containing a nucleus (269) 


M 

magnification an increase in the apparent size of an 
object, calculated as the product of the magnifving 
powers of the objective lens and the eyepiece (244) 

malleable description of a substance that can be 
beaten or rolled into sheets without crumbling (29) 

manipulated variable condition deliberately 
changed in an experiment (65) 

mass number integer equal to the total number of 
protons and neutrons in the nucleus of an atom 
(33) 

Material Safety Data Sheet (MSDS) information 
sheet on a hazardous product used in workplaces, 
including schools; identifies the chemical and 
physical hazards associated with the product (9) 
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mechanical energy energy due to the motion and 
position of an object (167) 

mechanical mixture mixture in which the different 
substances aro visible (14) 

membrane technologies industrial use of synthetics 
to mimic the action of membranes (284) 

meristem growth region of the plant with tissue in 
which cells divide by mitosis (299) 

mesophyll specialized ground tissue inside a leaf. 
made up of thin-walled cells containing 
chloroplasts (311) 

mesosphere the third atmospheric laver above 
Earth's surface (345) 

metal shiny. malleable, ductile element (29) 

metalloid element with properties intermediate 
between metals and non-metals (29) 

microscope an instrument with a lens or system of 
lenses for magnifying specimens (478) 

microscopist (mi-cros-co-pist) a person trained in 
the use of the microscope (243) 

mirror sometimes used in a microscope, in the place 
of a lamp, to direct light from tbe surroundings 
through the disphragm (478) 

mitochondria (sing. mitochondrion) organelles that 
perform cellular respiration in a eukaryotic cell 
(268) 

mixture combination of pure substances (14) 

molar mass mass of one mole of a substance (108) 

mole quantity that chemists use to measure elements 
and compounds: symbol: mol; Avogadro's number 
is the number of particles in a mole (107) 

molecular element element thot forms molecules 
made up only of its own atoms (48) 

molecule group of non-metallic atoms bound 
together by covalent bonds; can be made up of 
atoms of the same element or atoms of different 
elements (29) 

Montreal Protocol an international agreement to 
phase out the production and use of CFCs (421) 
motion the changing in position of an object relative 
to a reference point; an imaginary line joining the 

object to the reference point changes in length and 
direction or both (127) 

multivalent element element with more than one 
stable ion (44) 
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N 

natural greenhouse effect the sbsorption of thermal 
energy by the atmosphere (365) 

net radiation budget the difference between the 
amount of incoming radiation and outgoing 
radiation from Earth's surface and atmosphere 
(367) 

neutral description of a substance that is neither 
acidic nor basic: solution with a pH of 7 (at 25°C) 
(64) 

neutralization process in which acids and bases 
react with each other so that the H* ion and Oft ion 
combine to make d single water molecule; both 
acidic and basic properties disappear (68) 

neutron neutral particle in the nucleus of an atom 
(25) 

noble gases extremely unreactive non-metals; 
group 18 in the periodic table (31) 

non-metal one of 17 elements with varying 
properties that are completely different from metals 
(29) 

non-renewable energy source energy source that is 
limited and cannot be replaced (222) 

nuclear energy potential energy stored in the 
nucleus of an atom (167) 

nuclear envelope à double-layer membrane that 
separates the nuclear contents from the cytoplasm 
(270) 

nucleic acid complex molecule made up of 
nucleotides: includes DNA and RNA (271) 

nucleons subatomic particles in the nucleus of the 
atom; protons and neutrons (25) 

nucleus (in cells) organelle that contains DNA, the 
genetic material, and directs all cellular activities 
1251) 

nucleus (in atoms) positively charged centre of the 
atom made up of protons and neutrons (23) 


o 

objective lens gathers light from a specimen and 
forms an inverted image (478) 

octet rule atoms bond in such a way as to have eight 
electrons in the valence energy level: also called the 
rule of eight (38) 


ocular lens allows observation of specimen and 
provides part of the total magnification: is the lens 
nearest the eye (478) 

open system a system that exchanges both matter 
and energy with its surroundings (199) 

Organ group of tissues that work together to perform 
a specific function (297) 

organelle structure that performs a specific function 
within a cell (266) 

osmosis diffusion of water across a selectively 
permeable membrane (277) 

outgoing radiation the thermal radiation emitted by 
Earth's surface and atmosphere that is not absorbed 
by greenhouse gases of the atmosphere (367) 

ozone a molecule made up of three atoms of oxygen 
(345) 

ozone layer a laver in tbe stratosphere containing 
high levels of ozone gas (345) 


P 

palisade tissue cell column-shaped mesophyll cells 
in a plant leaf: responsible for photosynthesis (311) 

particle model a model to explain the nature of 
mattor. based on particle composition, attraction, 
and movement (274) 

passive transport movement of substances along the 
concentration gradient; transport process that does 
not require ATP (275) 

perfect machine hypothetical machine in which all 
the input energy is converted completely into 
mechanical energy; also called perpetual motion 
machine (202) 

period horizontal line or row in the periodic table: 
periods are numbered from 1 to 7 (31) 

peritoneal dialysis a process by which waste 
products from the blood pass by diffusion into a 
dialysate solution in the peritoneal cavity (286) 

peritoneum a membrane that lines the abdominal 
cavity in bumans and other vertebrates (286) 

permafrost permanently frozen ground (353) 

perpetual motion machine hypothetical machine in 
which all the input energy is converted completely 
into mechanical energy; also called perfect machine 
(202) 


pH measare of the number of hydrogen ions in a 
solution; indicates how acidic or basic a substance 
is 162) 

phase the state of a substance (solid, liquid. or 
vapour) (382) 

phloem tissue vascular tissue that transports 
carbohydrates and water from the leaves to other 
parts of the plant (292) 

phospholipid bilayer double laver of outward-facing 
phosphates and inward-facing fatty acids that form 
a cell membrane (272) 

photosynthesis means putting together with light 
(“photo™ = light; “synthesis” = putting together): a 
chemical process in which carbon dioxide from the 
air and water from the soil, in the presence of light 
energy. produce glucose and oxygen (82) 
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phototropism directional plant growth in response 
to light (323) 
negative phototropism growth away from the 
light source (323) 
positive phototropism growth toward the light 
source (323) 

physical change change to 2 substance in which the 
composition of the substance stays the same (18) 

physical properties properties that describe the 
physical appearance and composition of a 
substance (13) 

plasma membrane «structure that surrounds a ceil 
and regulates the passage of materials between the 
cell and its environment; also called cell membrane 
(272) 

plasmolysis shrinking of the cytoplasm and plasma 
membrane away from the cell wall due to outflow 
of water in s hypertonic environment; observed 
only in cells with rigid cell walls (320) 

polar description of an object that has a positive 
electric charge at one end and a negative charge at 
the other; water molecules are slightly polar (60) 
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polvatomic ion charged particle made up of several 
non-metallic atoms joined together (44) 

potential energy energy that is stored and held in 
readiness; energy that has the potential to do work: 
types of potential energy include gravitational 


elastic, and chemical (173) 

prairie a subtype of grassland biome found in 
regions such as North America; prairies have cooler 
average temperatures than the other subtype of 
grassland biome. savanna (397) 

precipitate solid with low solubility that forms from 
a solution (15) 

precipitation (in solutions) process of forming a 
solid from a solution (58) 

pressure difference the difference in pressure in two 
areas that may cause movernent of substances (321) 

pressure-flow theory explanation of plant nutrient 
transport from leaves to other parts of the plant. 
driven by the pressure build-up of hypertonic 
solution in leaf phloem (321) 

prions infectious particles composed of specifically 
altered proteins that occur in the brains of humans 
and animals and can lead to neurodegenerative 
diseases: some prions act as infectious agents in 
bovine spongiform encephalopathy (BSE) in cattle 
and in a new variant of Creutzfeldt-Jakob disease 
invC]D) in humans (262) 

product new substance produced in a chemical 
reaction (79) 

protein large molecule formed by amino acids: 
responsible for many structures and functions (271) 

protein hormones protein molecules that are active 
in an organism et a distance from the location 
where they are produced (327) 

protein synthesis assembly of amino acids into 
proteins in a cell, based on instractians encoded an 
a DNA molecule (269) 

protist a single-celled organism with a nucleus; it 
does not belong to the plant. fungi. or animal 
groups (251) 

proton positively charged particle in the nucleus of 
an atom (25) 

pure substance substance in which all the particles 
are identical (14) 
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quantity of thermal energy (Q) the amount of 
thermal energy absorbed or released when the 
temperature of a substance changes by a certain 
number of degrees: given by the equation 
Q= mcAt (378) 


R 

radiant energy energy that is transmitted as 
electromagnetic waves (167) 

radiation emission of energy as particles or waves 
(370) 

rate of diffusion the relative movement of a particle 
in response to a concentration gradient (275) 

reactant substance that reacts in a chemical reaction 
to form another substance or substances (79) 

reagent substance used for identifying. measuring, or 
producing other substances (37) 

receptor proteins specialized molecules on the 
surface of the cell to which messenger molecules 
from other cells can bind: play an important role in 
cell-to-cell communication, particularly in the 
immuno system (284) 

recognition proteins protein molecules protruding 
from cells that allow communication between celis, 
such as in sperm-egg recognition in a species (284) 

reflect change the direction of a ray of radiant energy 
(362) 

renewable energy source energy source that is 
continually and infinitely available (222) 

resolution or resolving power the ability to 
distinguish between two structures that are close 
together (255) 

respiration process by which an organism secures 
oxygen from the air, distributes it, combines it with 
substances, and gives off carbon dioxide (82) 

responding variable condition that chenges in 
response to the manipulated variable in an 
experiment (65) 

reverse osmosis (RO) the movement of water 
through a semi-permeable membrane from a high 
concentration of solute to a low concentration of 
solute (287) 


revolving nosepiece rotating mount that bolds many 
objective lenses (478) 

ribosome organelle in cytoplasm that is the site of 
protein synthesis (269) 

root part of a plant, usually below ground, that is 
involved in the absorption and transport of water 
and minerals and the storage of food materials 
(297) 

root hair extension of a specialized dermal cell on a 
plant root, which absorbs water and minerals (301) 

root pressure upward force exerted on water in the 
xylem in the roots of some plants (316) 

root system tho plant organ system that includes all 
tissues located below the ground (297) 
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salt compound produced in a neutralization reaction 
between an acid and a base (31) 

salting method of drving food to preserve it; salt 
draws water out of the food (18) 

Savanna a subtype of grassland biome found in 
regions such as Africa, Central America. and 
Australia; has warmer avorage temperatures than 
the other subtype of grassland biome. prairie (397) 

scalar quantity quantity that indicates magnitude 
only (137) 

scale (of a drawing) the difference between the size 
of an object in a drawing or diagram and the actual 
size of the object. Scale is often expressed as a ratio, 
eg. size on drawingactual size (246) 

scientific evidence evidence collected in a manner 
that. as much as possible, ensures it is unbiased and 
reflects general situations, rather than perticular 
events; is usually collected by trained scientists and 
checked by other scientists (352) 

second law of thermodynamics heat always flows 
naturally from a hot object to a cold object, never 
naturally from a cold object to a hot object (202) 

selectively permeable membrane a natural 
membrane that allows certain particles to pass 
through it but excludes others (275) 

semi-permeable membrane p of membrane 
which allows certain particles to pass through 
while others are excluded; can be natural or 
synthetically produced for industrial use (275) 


shoot system the plant argan system that includes all 
tissues located above ground (297) 

sieve tube a tube formed by a stack of sieve tube cells 
to allow conduction of phloem in plants (300) 

sieve tube cell cylindrical cells lacking nuclei and 
with perforated sides and end walls that allow the 
movement of phloem sap between cells (300) 

single replacement reaction chemical reaction in 
which a reactive element reacts with an ionic 
compound (96) 

sink according to the pressure-flow theory, cells that 
receive carbohydrates in plants (321) 

skeleton equation formula equation showing the 
identity of each substance involved in a chemical 
reaction; does not show the correct proportions of 
the reactants and the products (87) 

solar energy energy from the Sun; generated by a 
hydrogen-hydrogen nuclear fusion reaction (167) 

solstice one of two points in Earth’s orbit at which 
the poles ere most tilted toward or away fram the 
Sun (359) 

solute the substance that is dissolved in a solution 
(275) 

solution mixture in which the separate components 
are not visible (14) 

solvent the substance that dissolves one or more 
solutes in a solution; water is the most common 
solvent (272) 

source according to the pressure-flow theory, cells 
that manufacture carbohydrates in plants (321) 

specific heat capacity (c) amount of energy required 
to raise the temperature of 1 g of a substance by 1 
(377) 

spongy mesophyll tissue layer of loosely spaced 
mesophyii celis in a leaf; the increased distance 
between cells promotes diffusion (311) 

spontaneous generation the idea that life could 
emerge spontaneously from non-living matter, 
widely held into the 19th century; disproved by 
Louis Pasteur (237) 

stage clip clip that holds a microscope slide in place 
on the stage (478) 
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stage of microscope the part of the microscope on 


which tbe specimen slid 


s pl for examination 
can be moved up and down for examination of the 
specimen (478) 

staining techniques use of stains or colouring agents 
to improve the contrast between structures in cells: 
staining properties depend on the chemical 
composition of the structure (254 

stimulus (p/ stimuli) à change in the environment 
that causes a reaction by the organism (323) 

stomata (sing stoma) pores that allow gases to pass 
through the epidermis of a leaf (302) 

stratosphere atmospheric layer above the 
troposphere. from 10 to 50 km above Earth's surface 
(345) 


surface area total area of external surfaces of an 
object (289) 

surface area to volume ratio the ratio between the 
total ares of external surfaces of an object and its 
volume (289) 

surroundings everything that is outside of a system 
(199) 

suspension mechanical mixture in which the 
components are in different states (14) 

sustainable description of any process that will not 
compromise the survival of living things or future 
generations while still providing for current energy 
needs (227) 
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sustainable development the use of the world's 
resources in à way that maintains the resources for 
future generations (227 

synthesis reaction chemical reaction in which two 
elements combine to form a compound; also known 
as a formation reaction (91) 

System a set of interconnected parts; a system can be 
classified as open, closed. or isolated (199) 

system (in animals and plants) a sefof organs or 
parts that performs one or more functions as a unit 
(391) 


T 

tension a stress caused by the action of a pulling 
force (318) 

thermal energy the amount of energy possessed by a 
substance by virtue of the kinetic energy of its 
molecules or atoms (357) 

thermal energy transfer movement of thermal 
energy from an area of high temperature to an area 
of low temperature (370) 

thermal power station electrical generating station 
that uses thermal energy to produce steam to drive 
turbines; sources of thermal energy include coal, 
natural gas, and nuclear energy (193) 

thermodynamics study of the interrelationships 
between heat, work, and energy (169) 

thermosphere furthest atmospheric layer from 
Earth's surface (345) 

tissue group of similar cells that perform a specific 
function (297) 

tonicity a term that relates the concentration of 
solute particles in solutions: see also hypertonic, 
hypotonic, and isotonic (319) 

trace element element that an organism requires in 
small amounts (272) 

transpiration loss of water from leaves through 
evaporation (309) 

transpiration pull the tension or pull on water 
molecules in the xylem due to evaporation of water 
through the stomata or lenticels in a plant (318) 

troposphere layer of atmospheric gases at 0 km to 
10 km from Earth's surface (344) 


tuber enlarged underground stem that stores food 
(297) 

turgid firm: plant cells become turgid when water 
enters due to a hypotonic sarrounding environment 
(268) 

turgor pressure pressure exerted against a cell wall 
by the water that bas entered the cell through 
osmosis (268) 


u 

uniform motion movement in a straight line at a 
constant speed (127) 

United Nations Framework Convention on Climate 
Change (UNFCCC) an agreement by the world's 
nations to act in ways that will stabilize greenhouse 
gas emissions from anthropogenic sources (321) 

universal indicator mixture of several indicators 
that change colour as the acidity of a solution 
changes (63) 

useful energy output energy needed to do work 
(215) 

useful work output work that a machine is 
supposed to do (215) 


v 

vacuole membrane-enclosed sac within a celk is 
usually large and may be permanent (268) 

valence tendency of an atom to gain or lose electrons 
(36) 

valence electron electron in the outermost energy 
level of an atom (36) 

valence number number of electrons an element can 
gain or lose to combine with other elements (36) 

vascular bundle strand of xylem. phloem, and 
associated tissues in a plant (313) 

vascular tissue transport tissue formed of cells 
joined into tubes that carry water and nutrients 
through the body of the plant (300] 

vector quantity quantity that indicates magnitude 
and direction (137) 


velocity speed and direction of an object (137) 

vesicle membrane-enclosed sac that transports 
materials throughout a cell: structure is similar to a 
vacuole (268) 

volume space. measured in cubic units, occupied or 
contained by an object (289) 


w 

weather conditions of temperature, air pressure. 
cloud cover, precipitation (rain or snow), and 
humidity that occur at a particular place at a 
particular time [342] 

wind movement of cool air from an area of high 
atmospheric pressure to an area of low atmospheric 
pressure (372) 

work a measure of the amount of energy transferred 
from one object to another when an object moves 
against an opposing force or the speed of an object 
increases; calculated by multiplying the force acting 
on an object by the distance the object travels (157) 

Workplace Hazardous Materials Information 
System (WHMIS) system of easy-to-see warning 
symbols on hazardous materials. designed to belp 
protect people whe use hazardous materials at work 
(8) 


x 

X-ray crystallography the study of the structure of 
molecules by means of X-rays, special sensors that 
analyze patterns of X-ray scattering, and computer 
technology (264) 

xylem tissue vascular tissue that conducts water and 
minerals from the roots to the leaves in plants (300) 

xylem vessel tube, formed of cells that are dead at 
maturity, that transports water and minerals in 
plants (300) 
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The first step in ensuring a safe learning environment is to read 
‘Over the entire procedure before you begin any activity in the 
Science classroom. Make sure you note and understand the 
safety cautions. If you are unsure about any procedure or safety 
instruction. ask your teacher before you proceed 


Safety Icons 


You will be alerted to safety hazards in Addison Wesiey Science 10 
by the following symbois_ Look for them at the top of the 
Materiais and Equipment section of each activity. 


Safety Symbols 


Some safety information is given by standard symbols on the 
product label. There are two main groups of labels: those for 
hazardous household products and those for hazardous work- 
place products. 


Household Hazardous Product Symbols (HHPS) 
Labels on hazardous household products must include a symbol 
that indicates the degree and type of hazard. The shape of the 
symbol telis you about the degree of hazard (Figure 1.1). A red 
octagon shape means “danger,” an orange diamond shape 
means “warning.” and a yellow triangle means “caution.” The 
symbol inside the shape tels you the type of danger 
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2 the toxic symbol was in a yellow range. what would 
the hazard symto! mean? 


Workplace Hazardous Materials information 
System (WHMIS) 

Hazardous materials used in the workplace (including class- 
rooms) must be labelled according to the WHMIS. These symbols 
are similar to those of HHPS, but WHMIS symbols also identity 
additional hazards (Figure 1.2). These symbols are used in 
Addison Wesley Science 10. Look for them in the Materials and 
Equipment section of each activity. You will find the appropriate 
WHMIS symbol beside any hazardous material that will be used. 


SO 


rie ac dan 
combust cio 
mee EI 


Make sure you understand Te mearung of de symbol 
delcre you proceed with any activity 


Suppliers of hazardous workplace products must also 
provide a materials safety cata sheet (MSDS). The MSDS gives 
detailed information about the potential hazards of a chemical. 
The MSDS must be stored in an accessible place. An example of 
an MSOS appears on page 9 of Addison Wesley Science 10. 
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Laboratory Safety Practices 


This section provides general guidelines to help you work safely 
in the science classroom. Your teacher may provide additional 
instructions specific to your school 


@ General Safety Procedures 

à) Identify and locate ali safety equipment. 

b) Know how to operate all safety equipment 

C) Wear appropriate safety apparel, as indicated in the 
activity. 

d) Tie back long hair. Remove or secure any loose clothing 

€) Obtain the approval of your teacher before starting 
any procedure, especially one you have planned 
independently 

f) Never work alone or without your teacher's supervision. 

g) At the end of all lab activities, make sure your work 
Space is clean. 

h) Wash your hands after completing any lab work. 


© Bunsen Burners and Hot Plates 
@) Never lezve a Bunsen burner or hot plate unattended 
b) Before connecting a Bunsen burner. make sure the gas 
Supply valve is completely closed. Open the valve just 
Slightly, then immediately fight the Bunsen burner. 
C) Be sure do use only heatproo! containers. 
d) Use tongs or holders to handle aff hot objects. 
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© Glassware 
a) Never use chipped, cracked, or brokes glassware. 
b) Place all broken glass into 2 marked container, as 


instructed by your teacher. 

c) Use the glassware specified im the procedure. unless 
instructed otherwise by your teacher. 

d) Ensure gassware is clean before and after use 


© Chemicals 
3) Read the safety precautions provided on the lade 
before using any chemical. Never use a chemical from 
en unlabelled container. 
b) Never smell, taste, or touch chemicals in the laboratory 
without your teabher's instruction. 
c) Never directly inhale fumes. To smell a substance, waft 


the air above it toward your nose. 
d) Never return unused chemicals to stock bottles or 
containers, 


e) Dilute acids by adding acid to water. Add the acid 
slowly, by posring È down the side of the container. 


© Electrical Devices 
a) Keep water and wet hands away from electrical cords. 
b) Never use electrical equipment that has 2 damaged plug 
or wires. 


What if an accident occurs? 


H an accident occurs, inform your teacher right away. Any injery, 
no matter how small. must be reported. Any spills or breakages 
must be cleaned up only under the direction of your teacher. 


Science is a way of asking questions about the world, and then 
answering these questions using a structured approach. This is 
Sometimes called the inquiry process. R uses logical reasoning 
10 find answers to questions, through observation, measure- 
ment. experimentation. research, analysis, and evaluation. 

The proposed answer to a question about a scientific problem 
or issue is called a hypothesis. An experiment is a way of testing 
to see if a hypothesis should be accepted or rejected. 
Experiments are designed so that oniy one variable (a condition 
That can change in an experiment) is modified at a time. AD other 
variables are controlled (kept unchanged). The effect of the vari- 
able that is modified is observed and recorded, and then the 
observations are analyzed and interpreted. The experimenter 
then decides whether the observations support the hypothesis, 
and then clearly communicates the results and conclusions. 


STEP 1 Ask a question. 

The inquiry process starts en you ask a question. In the 
inquiry process of science, questions are often about cause and 
eftect. Suppose you leave a glass of ice water in sunkght. You 
observe that the ice seems to met more quickly than when you 
eave an identical glass of ice water in the shade. If you wanted to 
use the inquiry process to expore this observation, you might 
ask a cause-and-effect question like the one below. in this 
example, the cause is the exposure to sunlight and the effect 8 
the rise in temperature of ice water. 


How does exposure to sunlight affect the 
temperature of ice water? 


STEP 2 State a hypothesis. 

A hypothesis is one possible explanation of an observed 
phenomenon. When you propose a hypothesis, you are 
predicting the answer to the question you have asked. The 
hypothesis is often stated as an "if then” statement. To be 
useful, a hypothesis must be testable, A testable hypothesis will 
predict observable and/or measurable changes in one vanable as 
2 result of modifications to the manipulated variable. A hypoth- 
esis about the effect of sunlight oa ice water could be 


If ice water is exposed to sunlight, then its 
temperature will increcse over time at a greater 
rate than it would if the ice water wes kept in the 
shade. 


The hypothesis clearly states what will be tested (the rate of 
temperature change of ice water in sunfight versus in shade}. It 
also must relate the cause (exposure to sunlight) to only one 
effect (increase in temperature over time). A hypothesis may 
aiso predict that the manipulated variable will not affect the 
responding variable. This would be a nell hypothesis, which is a 
hypothesis that states there is not a relationship between the 
variables being tested. Since the experiment will be designed to 
test the hypothesis, it does not matter # the hypothesis s accs- 
rate or not. However, it should be a reasonable prediction of the 
expected results of the experiment. 
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STEP 3 Design the experiment. 
An experiment is a set of changes made by an experimenter 
and/or specific observations that test a hypothesis. When 
designing an experiment, the first step is to identify all the vari- 
ables that could affect the outcome of the experiment. For 
example, the following variables could affect the outcome of an 
experiment to find the effect of sunlight on ice water: exposure to 
Sunlight, the length of time of exposure, the volume of the ice 
water, the proportion of ice to water, the length of time over 
which observations are made, the type of contamer in which the 
ice water is held, and the starting temperature of the ice water. 
Once af the variables are identified, the next step is to decide 
which variable will be changed. which ones will remain the same. 
and which variable will be measured or observed in order to test 
the hypothesis. A manipulated variable is a condition that is 
Geliberately changed dy the experimenter. A controlled variable is 
à condition that could change during an experiment but does 
not, because of the actions of the experimenter A responding 
variable is a condition that changes in response to the change in 


Manipulated variable: exposure to sunlight 
Controlled variables: the volume of the ice water, 
the proportion of ice to water, the type of 
container in which the ice water is held, and 
the starting temperature of the ice water 
Responding variable: the temperature of the 
ice water 
Variables in an experiment may also be independent or 
dependent variables. An independent variable is any variable that 
influences the effect being studied, but is not itself affected by 
the experimental conditions. For example, time is the inde- 
pendent variable in this experiment. A dependent variable is any 
variable that is influenced by changes in the independent vari- 
able, under the conditions of the experiment. The dependent 
variable is therefore the same as the responding variable. 


Independent variable: time 
Dependent variable: the temperature of the ice 
water 

Once all the variables have been identified, write a design state- 
ment for the experiment. The design statement outlines the 
general plan for testing the hypothesis and identifies all vari- 
ables. it also identifies the conditions of the experimental 
control. An experimental control is a set-up thet includes all the 
conditions of the experiment, except that the manipolated vari- 
able is not changed. in this example of the ice water experiment. 


458 Student Reference 2 


the beaker that is left in the shade (is not exposed to sunlight) is 
the experimental control 


Design Statement 


identical volumes of ice water will be placed in 
two different locations, one of which will be in the 
sunlight, and the other in the shade. The 
temperature of both ice water samples will be 
recorded every 2 min. Exposure to sunlight is the 
manipulated variable, and the temperature of the 
ice woter is the responding variable. The ice water 
that is jeft in the shade will be the experimental 
control. Controlled variables are the volume of ice 
wuter, the proportion of ice to water, the type of 
container used, ond the starting temperature of 
the ice water. Time is the independent variable, 
and the temperature of the ice water is the 
dependent variable. 


The procedure of an experiment describes how the manipu- 
lated variable will be changed, how the controlled variables will 
be kept unchanged, and bow the responding variable will be 
observed and recorded. A procedure is usually written as a 
series of numbered steps that can be easily followed. 


Procedure 


1. Make a data table to record the temperature of 
two samples of ice water every 2 min for 10 min, 

2. Prepare 300 mL of ice water in a 500-mL boaker, 
by mixing approximately equal amounts of 


3. Measure 100 mL of ice water into each of the 
250-mL beakers. 

4. Using a thermometer, measure and record the 
startíng temperature of each sample. 

5. Place a stirring rod into both ice water 
samples. Ploce one sample in direct sunlight, 
and the other in the shade. Stir each sample 
throughout the procedure. 

6. Every 2 min, measure and record the 
temperature. 

7. Continue to take readings for 10 min. 


The experimental design must outline any safety hazards and 
how they will be handled. Refer to Student Reference 1: Safety 
for more information. The experimental design must also list all 
me materiais and equipment that will be needed. A dagram may 
be used to illustrate how equipment is to be set up. 


T 


Safety 


Do not use the thermometer to stir the ice woter. 
Be careful handling any glassware. 


Materials and Equipment 

crushed ice 1 100-mL graduated cylinder 
500 mL water 2 thermometers 

1 500-mL beaker 2 stirring rods 


procedure, making sure that only the maniputated variable is. 
changed. Divide tasks among your group members. 


STEP 5 Collect and record data. 

As the experiment progresses. observations related to the inde- 
pendent variable and the responding variable must be clearly 
recorded. Dependent on the experiment, an observation may be 
based on qualitative data which is information that does not 
involve measurements of amounts. For example, an experiment 
on the rate of photosynthesis cf two aquatic plants might include 
qualitative data on the colour of each plant (e g. red or green). 
Qualitative data should be recorded in complete sentences. 
Qualitative data may also be recorded as a scientific diagram. 
Reter to Student Reference 8: The Compound Light Microscope, 
for details on how to draw a scientific diagram. 

Observations may nc quantitative data, which is infor- 
mation that involves measurements of amounts. Quantitative 
data must always include the units used to make the measure- 
ments. It is often organized in a data table, clearly labelled with a 
title. The independent variable is listed in the first column, and 
the units of measurement are Clearly identified. The responding 
variable is listed in the next column. The data table below shows 
how one student recorded the quantitative data for the ice water 


All quantitative measurements must be recorded to 
the correct number of significant digits. You can tind more 
information about this in Student Reference 5: Measurement. An 
experimenter should also note amy unusual or unforeseen events 
Mat occur during the course of the experiment. For example, if à 
‘Thermometer breaks and you have to change thermometers, you 
Must record this fact. 


STEP 6 Analyze and interpret the data. 
There are many ways of analyzing data. For example. you might 
compare an experimental (empirical) value to a theoretical 
(calculated or accepted) value and caicuiate the percent 
error. You can find more information about percent error in 
Student Reference 6: Math Sui A common way of analyzing 
quantitative data is to create a graph. For example, the difference 
in the rate of temperature change can be seen more clearly in a 
scatterplot or line graph. Student Reference 7: Graphing 
provides details on drawing and interpretiag graphs. 


Analysis 
F E erent 


From the graph of the temperature data, it can 
be seen that after about 4 min, the temperature 
of a sample of ice water exposed to sunlight 
wus chways greater than that of an identical 
sample kept ín the shade. The temperatures 
of both samples increased over the course of 
the experiment, but the temperature changed 
more in the ice water exposed to sunlight. 

The relationship between temperature and 
time was non-linear for both samples. 


Sources of Error 


Analysis of the resus must also include the sources of error. 
One source of error is the variation that always occurs when an 
experiment is repeated. even though the experimenter follows a 
well-designed procedure carefully and works with property 
functioning equipment. This error is mainly cue to the limits in 
the precision (reproducibsity) of the particular instrument 
used to take the measurements and in es readability. More infor- 
mation about precision and readability of instruments can be 
found in Student Reference 5: Meascrement. Scientists always 
repeat an experiment several times, which heips to reduce the 
effect of this source of error In the science classroom. you may 
not always be abie to repeat your experiment. However. you can 
get a sense of the accuracy of your results by comparing your 
data with those of your classmates. or with theoretical values 

Another source of error can occur when a measuring instru- 
ment has not been property calibrated. Calibration is the process 
ot comparing the measurements given by the instrument agamst 
known standards, and ensuring that the two values match. If an 
instrument is not property calibrated. the measurements taken 
with that instrument will aways contan an error Professional 
‘sources of error can be avoided. 

Finally. error may result @ there is a flaw in the design of the 
experiment or in how the procedure was carried out. When an 
experiment is affected by tes source of error, the relationship 
between the manipslated and responding variables will be 
unclear. If this occurs, re-examine the procedure and ensure Tat 
there were no unajentified variaties tat may have affected the 
results. For example, f a doud covers the Sun during the ice- 
water experiment. then a sew variable is introduced. in cases 
Such as this, the experiment must be repeated, or redesigned to 
control the additional variable. 


The sources of error in this experiment include the 
readability and precision of the thermometer, the 
graduated cylinder, and the timer used to make 
mecsurements. Between 3 min and 4 min. a cloud 
covered the Sun. which introduced un 
uncontrolled variable during this period. 
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STEP 7 State your conclusions. 

The conclusion of an experiment states whether the hypothesis 
is accepted, basad on the interpretation of the results. After the 
conclusion, outáne any unresolved questions or new problems 
that could be invesSgated_ based on these results. 


Conclusion 

These data support the hypothesis that if ice water 
is exposed to sunlight. then its temperature will 
increase more quickly than when ice water is kept 
in the shade. Based on this experiment, it would 
be interesting to test if the rate of temperature 
change varies according to the amount of thermal 
energy added to the ice water. 


You may be required to communicate the results of your 
experiment in a lab report. Refer to Student Reference 11: 
ang Reports. tor additonal information. 


Technology is the application of scientitic knowledge to solve 
practical problems. For example. a pair of scissors is a piece of 
technology that uses scientific knowledge about wedges and 
levers o solve the practical problem of making clean cuts in 
Certain substances. Developing a technology to solve a problem 
toliows a senes of general steps. 


STEP 1 Recognize a practical need. 

This steg involves recognizing a practical need that can de 
addressed by a technological solution. For example, say you are 
about to go on a camping trip. The park service has issued an 
extreme fire hazard warning. so campfires are not alowed. You 
have to walk to the camping area, so you cannot carry in water The 
need in this situation is fat you must purity lake water so that it is 
Sate to drink. 


STEP 2 identify the specific problem to be 
solved. 


When you understand the situation, you can then restate the 
problem in terms of a specific task. Campers can usually purity 
lake water by boiling it over a campfire. In this situation, 
however, the problem is how to purify water without using à 
campfire. The task is to construct a device that will purity water 
by some other means. 


STEP 3 identify criteria for a successful 
solution to a problem. 

Assessment criteria are a set of conditions that wif teil you when 
and it you have solved ihe problem successfully. Establish these 
before you carry out any in-depth research, planning. or analysis 
of the problem. When you are setting criteria for success, you 
must consider limits to your possible solutions. Limits may 
impact. and feasibility. For a schoo! assignment, the criteria may 
be set by you or your teacher. 

For example, the criteria for the device in the water 
purification example would include: it will remove all harmful 
micro-organisms, it will not require a campfire, and £ will be 
made of materiais that can be carried into or found at a remote 


campste. 


STEP 4 Generate a list of potential solutions. 
Brainstorming and/or conducting research are key componests 
of this step. Brainstorming involves generating as many ideas as 
possible without judging them. Record your ideas ciearty. 


Here are some of the ideas that one group of students came 
up with for solving the problem of purifying water without 2 
campfire: 

* a device that converts solar energy to thermal energy 

* a device that converts the chemical energy in candies to 

thermal energy 

* a device that filters out micro-organisms 
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STEP 5 Compile and organize the 
information. 
Conduct research to coliect mtormateon on each idea. You might 
need to use library and electronic research tools, interview 
experts, or visit business sites. Generate a list of materials and 
equipment needed tor each solution 

As you collect the information you need, organize it in a form 
that allows you to dearly see any links or gaps in your informa- 
ton Continue your research until you can no longer identify any 
gaps. Reter to Student Reference 9 Researching information tor 
more detais on finding and organizing information. 


STEP 6 Assess the potential solutions. 

You will now need to sse tha information you have found to 
Choose one idea to develop further. Decide on a method for 
analyzing the information you have collected. Graphic organizers 
Can be very helpful for sorting information. Student Reference d 
Tools for Analyzing Information provides a number of 
examples you may find useful. Each of these tools can be 
Modified to fil the specific information you are anatyzng. 

Based on your analysis, assess the potential strengths and 
weaknesses for each possibile solution. Determine whether you 
Can get all the necessary materials and equipment for each 
Solution. if cost is part of the criteria for your potential solution. 
then calculate the cost of each idea as well. Finally, choose one 
possible solution that you think is most likely to meet all the 
cera. 


STEP 7 Pian and construct a working 
model or prototype for the chosen solution. 
Start a plan for a working modei or prototype tor the solution you 
have chosen. You will likely need to create a working diagram on 
pager or using computer software. You may need to make several 
Gagrams as you identity and solve problems in the design. This 
allows you 10 explore and troubieshoct your ideas early on. Your 
diagram should include detailed labels and a scale. similar to a 
blueprint. Have your teacher approve your plans before you buic 
your model. 

Models are useful for presenting a three-dimensional view 
and for testing the operation of the design. Your design may 
need to be modified at any step before the final model is 
Constructed. 


462 Student Raterence 3 


STEP 8 Test, evaluate, and modify 
(if necessary) the model or prototype. 
Testing allows you to check how your solution works. If you find 
a problem during testing. you can then make modifications to 
your design and test the mode! or prototype again. Invite your 
Classmates and your teacher to try your design. Their feedback 
can help you identify things that could be improved, and hey 
may be able to offer some ideas of their own. 

Finally, make sure you retur to your original Est of criteria for 
solving the probiem. Check your model or prototype against the 
list, and make sere you have truly met your original goals. 


STEP 9 Communicate the procedure and 
results of your design. 

Choose an appropriate way to clearty communicate the problem, 
why you chose the solution you did, all the details of building 
and testing your model or prototype, and how well your Solution 
meets the criteria for solving the problem. Possible choices 
include presenting your model or solution as a display, making 
an oral presentation that includes a demonstration of your 
model, or writing a report. Student Reference 11: Writing 
Reports provides more details about preparing a report. 


Considering the information, and then making a choice based on 
that information. in many decisions you will make, some of this 
information will involve scientfic nowledge. Many decisions will 
aiso require consideration of the potential impact of your decision 
On other people or events, and that you balance your views with 
the perspectives of others. Decision-making can de organized 
into a series of steps, as shown in the flowchart on this page. 


STEP 1 Define the practical problem or 
issue. 

A practical problem is a real-world difficulty that requires acon. 
An issue is a controversy that needs to be resolved. The first step 
in he decision-making process is to identify questions that anse 
from practica problems or issues. Based on these questions, 
make 2 clear statement that defines the problem or issue. in the 
example below, an issue is defined first by 2 question and then a 
statement. 


Should the City of Calgary build a waste disposal 
site to the west of the city. near the Kananaskis 
Valley? 


The City of Calgary is proposing that a waste 
disposal site be located close to the Kananaskis 


Valley 


STEP 2 Identify the viewpoints. 

To make an informed decision, you must identfy and describe all 
the related viewpoints. These can be scientific, technological, 
social, or economic. Consider the issue from the perspective of 
different stakeholders as well. Stakeholders are people who are 
affected in some way by the issus or practical problem. 
Viewpoints that may be considered inc! 
Scientific—scientific tacts and theories 
Ecologicat—protection of the aztural emároament 
Tachnological—desion and use of technology 

Heath and safety—wei-beng of people 
Socai—^uman relationships, public welfare. or society 
Cumtarai—customs of a particular group of people 
Educational—sharing and acquiring new SC, 
Ethical—belels about what is nght and wrong 
Aasthetic—beauty in art and nature 
Historicai—knowiedge dealing with past events 
Recreationai—lessure actrees 

Politica —effects of the issue on government policies 
Ecomomic—financial and business issues 


The following example outlines some of the viewpoints that a 
Student identified concerning the waste disposal issue: 


e Environmentalists may object to a waste 
disposal site on the grounds that it could have 
a negative impact on the ecology of the 
Kananaskis Valley. 

* Business leeders may consider this proposed 
project to be an advantage for their businesses, 
since they could be involved in supplying the 
site with moterials needed for its construction 
and operation. 


STEP 3 Conduct research. 

Conducting research involves activities such as using library and 
electronic research tools, interviewing peopie, and taking a Seld 
trip. The aim is to get as much information as possible on each 
of the viewpoints you identified in Step 2. it is important to eval- 
uate your sources of information to determine if there is a bias, 
and to separate fact from opinion. 

Make sure you keep a record of the resources you use and 
the information you found in each. Student Reference 9 
Researching information provides additional guidance on finding 
and recording information and information sources. 


STEP 4 Analyze the information. 
Decide on a method for analyzing the information you have 
collected. Graphic organizers can be very helpful for sorting 
information. Student Reference 10: Tools for Analyzing 
Information provides a number of examples you may find usetul. 
Each of these tools can be modified to fit the specific information 
and issue you are analyzing, 

in the example here, the student ranked each potential 
consequence by its importance. Each was given a number to 
Gesignate the ranking: high (3). moderate (2). low (1), or none (0). 
Each consequence was then designated either negative (2 cost) or 
positive (a benefit) 


Costi/Benefit Analysis of Proposed Waste 
Disposal Site 


Potential Consequence nportance| Cost or 
(3,2,1,0) | Benefit? 


—— 


wae tn e 


— — 


economic opportunities from 2101 
construction and operation 
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STEP 5 Propose a course of action or à 
decision, and justify your choice. 

Based on your analysis, make a decision on the issue or propose 
à Solution to the practical problem that you believe will have the 
most positive and the least negative consequences. Ensure you 
have considered the viewpoints of all the stakeholders. (In some 
cases in Addison Wesley Science 10. you will be asked to 
consider the viewpoint of only one type of stakeholder.) 

When proposing your course of action or decision, refer to 
any facts and figures you found during your research. For 
example, here is part of what one group of students considered in 
proposing a course of action regarding the waste disposal site: 


Building a waste disposal site near to the 
Kananaskis Valley would likely cause 
environmental hann, and would therefore have a 
great deal of opposition. Instead of going ahead 
with this site, a study should be conducted to 
determine the effects of locating the waste 
disposal site to the east of the city 


STEP 6 Communicate your decision. 

Choose an appropriate way to communicate the issus, the 
decision or proposal you made, and your justification. Possible 
choices include participating in a debats, writing a letter to a 
newspaper. creating 2 poster or Web page, or writing a report. 
Student Reference 11: Writing Reports provides more details 
about preparing 2 written report 


Scientific investigations may involve collection of measured quan- 
ttes, or Quantitative data A measurement always consists of a 
member and a unit. The unit tells us what is being measured Prefix Symbol 


The International System of Units 
To communicate clearly, scientists use a system of units called 
Si (short for Systéme International d'Unités). Si has seven base 
units (Table 5.1) 


Non-SI Units 


Some non-S! units are commonly used along with SI units in 
Derived units are units that are combinations of the base science. Non-Si cnits that you may see in your Grade 10 studies 
units. Table 52 lists four derived units that you will encounter fe shown in Table 5.4. 
during your Grade 10 studies. 


unte 


Quaatity Init Rame Symbol 


[ agit 5.4 | Non-SI Units 


Quantity Unit Name | Symbo Definition 


mese | mn [mes | 
— — 
p . — 
— 2 — 
Ee em [s preme 


[am eae 
-Erpa 


Definition 


For very large or very small quantities, all SI units are 
modified by decimal divisions. following the conventions of the 
metric System. The particular division used is indicated by adding a 
prefix to the base unit or derived unit. Some prefixes and their 
symbols are shown in Table 5.3. 


0 us. 
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Measurement and Accuracy 


Whenever you take a measurement, you are making an estimate. 
There is always an amount of uncertainty in measured values. in 
Contrast, counted and defined values are exact numbers, and so 
have no uncertainty. For example. 32 students in a classroom is 
a counted number, and a length of 1 m is defined as exactly equal 
to 100 cm. There is no estimation in these values, and so no 
uncertainty. 

Accuracy is the difference between a measurement and its 
true value. No matter how carefully you work, there will be a 
difference between a quantity you measure and its true value. 
The accuracy of amy measurement is affected by the precision of 
the measurement. Precision refers to the degree of agreement 
among repeated measurements of the sample (the repro- 
ducibility). Precision is determined by your actions: how 
Carefully you take measurements and control the variables in 
your experiment. Figure 5.1 illustrates the differences between 
precision and accuracy. using the example of a darts game. 


VETTER ihi ittustration. he centre of the dartboard is the tue 
value of the measurement. Player A was nether precise nor accurate; he 
postions of the shots all Sered and none hè the cece. Player 8 was 
Precise but not accurate: ail the darts hil the same ares of the target, bet 
They ali were off the contre. Player C was both precise and accurate, all 
the darts are clase to one another and in the centre of he target 


The accuracy of a measurement may be increased by care- 
fully repeating it several times. When you repeat a measurement, 
you make another estimation of the true value of the quantity. 
Scientists often report an average (mean) of repeated measure- 
ments, since Me average will usually be more accurate than only 
one measurement. However, it is possible to make reproducible 
measurements that are not accurate, as shown by Player B in 
Figure 5 J. 

Choosing an appropriate instrument can also affect the accu- 
racy of a measurement. All measuring instrements are limited by 
their readability and by their internal precision. Readability is the 
smallest fraction of a division on the scale of an instrument that 
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can be read with ease, using estimation. Readability is affected 
by the size of the divisions on the scale, and is usually consid- 
ered to be half of the smallest division. 

For example, Figure 5.2 shows two rulers. Ruler A has only 
centimetre divisions, whereas ruler B hes millimetre divisions. 
When ruler A is used to measure, you can see only that the 
length of the eraser is between the 2 cm and 3 cm marks. Using 
ruler A, you can therefore estimate the length to be 2.5 cm, but 
you know that the true value may be anywhere between 2.0 cm 
and 3.0 cm. if you use ruler B instead, you can see that the 
length of the eraser is between 2.3 cm and 2.4 cm. You can 
therefore estimate the length to be 2.35 cm using ruler B, and the 
true value of the measurement can be anywhere between 2.3 and 
24cm. 


Which o! these two rollers has a readability Sat would 
allow you tc estimate a measurement of 235 cm for the lengh of he 
eae? 


Each measuring instrument has 2 certain internal precision. 
The precision of an instrument is the degree of agreement 
among repeated measurements of a single sample using that 
instrument. For example, a digital thermometer may be precise 
to withia 0.2°C. This means if the thermometer reads 1.0°C, the 
true temperature of the substance could be anywhere between 
OSC and 12°C. 


Significant Digits 

Significant digits are the specific number of digits ssed to 
Communicate the degree of uncertainty in a measurement. The 
last digi indicates the uncertain (or estimated) digit. The meas- 
urement of 2 5 cm for the eraser taken with ruler A above has 
two significant digits. but the measurement of 235 cm taken 
using ruler B has three significant digits. When a measurement 
is on a division on a scale, indicate it by including a zero. For 
example, a length on the 3 cm mark would be recorded as 
30 cm (two significant digits) on ruler A and as 3.00 cm (three 
significant digits) on ruler 8. 


Solving problems related to science often requires you to apply 
math sts in the inquiry process, math skills may be needed to 
analyze quantitative observations. In the problem-solving 
process, math skills may be naeded to calculate scale or 
determine a budget. In the decision-making process, mah skills 
may be naeded to assess the arguments made for two sides of 
an issue. 


Calculations with Significant 
Digits 


Recall that significant digits are used to communicate the degree 
of uncertainty of a measurement. The fast number in a measure- 
ment is always the digit that was estimated. When performing 
calculations with measured values, it is important that the 
uncertainty of the final result is also communicated correctly. 
This is done by using rules to count the number of significant 
digits in sach number in the calculation, and to determine the 
Correct number of significant digits in the final answer. 


Rules for Counting Significant Digits 

1. The digits 1 to 9are always significant. For example, ail of the 
following examples have 3 significant digits: 321, 0.321, 
0.000 032 1, 321 x 10, and 3.21. 

2. The position of zeros in a number determines whether or not 
they count as significant digits. 

o Leading zeros are not significant. For example. both 0.321 
and 0.003 21 have 3 significant digits. 

* All trailing zeros are assumed to be significant. For 
example, the following examples all have 3 significant 
Gos $00, 5.00, 0.590, and 5.00 x 105 

* Zeros positioned between the digits 1 to 9 are significant 
on either side of the decimal point. For example, 203 has 3 
significant digits, 1.905 has 4 significant digits, and 
100.746 has 6 significant digits. 

3. For ipgarithmic values, such as pH, any digits to the left of the 
decimal are not significant. For exemple, a pH of 2.3 has only 
1 significant digit, and a pH of 10 has no significant digits. 

4. All digits in exact numbers are considered to have an infinite. 
number of significant digits. These include counted values 
(7 oranges) and defined values, such as the 1 and 1000 in the 
statement “1 kg is 1000 o." 


Rules for Performing Mathematical Operations 
The number of significant digits in a calculated value can never 
be greater than the number of significant digits in the original 
data. in many cases, this requires that the final answer be 
founded off to the correct aumber of significant digits. Note that 
Calculators do not apply the guidelines for significant digits. so 
you must always determine the correct number of significant 
digits yourself after using a calculator 
* When the Srst digit to be dropped is less than or equal to 
4. the preceding digit is not changed. For example. 7 4345 
is rounded to 7 43, giving 3 significant Gi 
* When the frst digit to be dropped is greater than or equal to 
5. the preceding digit is increased by one. For example, 
7 4355 is rounded to 7.44, giving 3 significant digits. 


1. When adding or subtracting, the calculated result has the 
same number of decimal places as the number with the least 
number of decima! places in the original data. 


y i Mrz zi ev 


2. When multiplying or dividing, the calculated answer should 
be rounded to the ieast number of significant digits of the 
Gata values. 


3. If you must perform more than one mathematica! operation 
to get the final answer, carry eli digits through to the final 
result, without any rounding. The final answer should then de 
rounded to the same number of significant digits as 
the quantity in the original data with the fewest number of 
Set agris 


Example 6.3 
Perform the following caicslaton, and express the answer 
using the correct number of significant digits. 


x = (52542 m) + (4568-2315) 
= 525422m«225s 
= 23352 més 
z234ms 


Since 456 s and 2.31 s each have only 3 significant digits. 
the final answer must be rounded off to 2 34 mis. 


Scientific Notation 
Scientists worldwide use the metric system 19 record observa- 
tions. Here in Canada. we use the metric system in everyday lite 
as well. Each place value in the metric system is based on units 
of 10. When a numeral contains a decima point, the place values 
to the left of the decenal point ncrease by an order of id. and the 
place values to the right decrease by an order of 10. For example, 
the numeral 111.11 represents 1 unit of 100. 1 unt of 10, 1 enit 
of 1, one unit of Ig. and 1 unit of 4 

To write very large or very small numbers using the metric 
system, digits are separated into groups of 3 by spaces (not 
commas). For example, three milion is written as 3 000 000, 


1234557 P 
and 15 006 008 is written as 0.123 456 7. 


Note that 2 zero is always inciufed before the decimal point 
for numbers less than 1. However, spaces are not used when a 
nuraber contains only four digits before or after the decimal 
point (e.g. 6500 or 0.1234). As you can see, writing very arge 
and very smali numbers can become cumbersome. Very large or 
very small numbers are therztore often written using scientfic 
notation. 

In scientific notation. numbers are written with only one 
dig? before the decimal point. and then multiplied by a power 
of 10. The power is a superscript to the base 10, which 
is called an exponent. For example, the speed of light is 
299 792 458 m/s. In scientific notation, fis number is written as 
2.997 924 58 x 10* m/s. Numbers that are less than 1 are written 
using negative exponents. For example, the mass of a proton is 
0.006 000 000 000 000 000 000 017 g; in scientific notation, this 
number is writen as 1.7 x 10?* g. 
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Example 6.4 
The scientist Avogadro deduced that there are always 
502 000 000 000 000 000 000 000 particies in 1 mol cf a 
substance Express Avogadro's number in scientific nota- 
tion to 3 significant digits. 

in scientific notation, there must be only 1 digit before 
‘the cecimeal place. Therefore, you need to move the decimal 
place over. and then muttioly by 10 to the correct power to 
give the orginal number, expressed as an exponent. 


Avogadro's number 
= 602 000 000 090 000 000 000 000 particies/mol 
= 6.02 x 100 000 000 000 000 000 000 000 particies/mol 
= 6.02 x 10? particies/mol 


Avogadro's number in scientffic notation to 3 significant 
digits is 6.02 x 10? parsicesimol. 


Rules for Calculations Using Scientific 
Notation 


Whenever 2 quantitztie measuremest is recorded. it must be 
written with the correct number of significant digits. Soentific 
notation allows you to clearly indicate the number of significant 
digits. When performing a calculation with numbers written in 
Soenthe notation, you must use the following mathematical 
rules tor working with exponents. You must also remember to 
apply the guidelines for determining the correct number of So- 
icant digits ie the final answer The exponent of a number in 
Scientific notation does not affect the number of significant digits. 


1. To add or sabtract numbers in scientific notation, the 
numbers must first be written so that they have the same 
exponents. The coefficients may then be added like any 
integer. The exponent in the final answer remains the same. 


Example 6.5 
Perform the following addition, and express the final 
answer using the correct number of significant digits. 


x = (54x 1 mol) + (6.82 x 1F mol) 
= (54x 10 moi) + (0.682 x 10° mai) 
= 6082x105 moi 
= &1x10 mel 


Since this is an adcition calciiation, the number of signifi 
tant digits in the final answer is determined by the number 
in the original cata with the least number of decimal places. 
in tis case, this is one decimal place in the number 5.4. 
The final answer therefore must be rounded to one decimal 
— 


2. To multiply numbers that are written in scientific notation. the 


Coefacierts are matte first, and then the exponents are 
added. 


Example 6.6 
Perform the following multiplication, and express the b 
answer using the correct number of significant digits. 


x = (602 x 10? tonsa (32 x 1" po) 
= (602«32) x 107 zzoms. 
= 19264 x 107 atoms. 
= 19x 10" atoms 


This is 2 multiplication. so the number of significant digts 
in the final answer is determined by the est number of 
significant digits in the originai data. In this case, there are 
2 significant digits in the number 3.2 x 1087. The final 
answer therefore mast be rounded to 2 significant digits. or 
1.9x 10% atoms. 


3. To divide numbers written in scientific notation, the 
coefficients are first divided, and then the exponent of the 
divisor is subtracted from the exponent of the number being 
Graded. 


Perform the following division, and express the final 
answer using the correct number of significant digits. 


x * G5x 10g) -G41 x 1010) 
= (65-341) x 10-591. 
= 19061583 « 10 81 
= 19x 10 9t. 


Since this is a division, the asmber of significant digës in 
the final answer is determined by the smallest namber of 

‘Significant drs in the original data. In this case, there are 
2 significant digits in the number 6 5 x 10". The final 
answer fherefcre mus: de rounded to 2 significant digits. 


ne. 


Percents 

A percent is an expression of a quantity in terms of hundredths. 
Percents can be calculated trom any ratio of quantities by 
Conversion to an equivalent ratio with a denominator of 100. 


If you receive a score of 38 correct answers on an 
examination containing 40 questioss, what percent of 
the questions did you get correct? 

The ratio of correct answers 10 total questions can be 


Boe 
40 100 
Rearranging the equaton to solve for x we get: 
x «Bx 
E 
=% 


Therefore. the percent of questions you got correct is 160 
m 


When percents are cacuatec trom measured quantities they 
must also be expressed using the correct number of significant 
ts by n the mules for c with scart digas. 


Example 6.9 
The incoming radatios to Medicine Hat on November 6, 
2002 was reported as follows: 6.3% was reflected back to 
space, 27.9% was reflected by cloud cover, 8.9% was 
reflected by Earth's surtace, 12.5% was absorbed by green- 
house gases, 4.7% was absorbed by clouds. and 39.7% 
was absorbed by Ears surace: Wiat is e total pean 
Absorbed radiation wie 1e tein: 125% 
absorbed by greenhouse gases, 4 7* absorbed by cos. i 
and 39.7% absorbed by Earth's surface. | 
Percent absorbed = 125% +47% 4 397. — 
= 5595 H 
Since this is an addition, the number of significant digits in- 
the fina! answer is rounded to the lowest number of decimat 
places in the original data. Therefore. the total percent of 
incoming radiation that was absorbed is 56 9%. 
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Percent Error 


In some experiments, the results are compared with a theoretical 
value, which may de ether a value computed for the experiment 
(such as the theoretical efficiency of an engine) or a standard 
value (such as the theoretical specific hest capacity of a 
substance). Percent error communicates the difference between 
an expermental value aad the theoretical vatue. Percent error is 
the result of all the folowing: experimental error (variability 
between trials of an experiment); readability and precision of 
instruments: whether all instruments are functioning property. 
and whether the experimenter has made any mistakes during the 
procedure 


Percent error is calculated using the following formula: 


experimental value — theoretical value Z 
mworeScai valve 


Example 6.10 

A student conducted an experiment to determine the specific 
heat capacity of iron. The experimenta! value was 0.51 J/g-*C- 
The theoretical value is 0.449 J/g-"C. Calculate the percent 


percent eror = 100% 


=| 051 49€ - 0449 ^C | |. 100% 
0449 55 5 


-136% 
ws 


The percent error of the experimental value for the specific 
heat capacity of iron is 14 


Problem-Solving Strategies 


Anatyzing scientific data often involves mathema*cal equations. 
All the variables that describe quantities in mathematical 
equations have units. Therefore, when working wth equations in 
Science, you must do two things: solve for the appropriate vari- 
ables in the equation. and determine the unis of the final answer 
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The following steps wil heip you determine the variable you 
need to solve for and ensure that the final answer is expressed in 
the appropriate units. 

1. Analyze the problem. 

* Read the entire problem carefully 

* Identity and list all the given variables in the problem 
(those tor which numerical values are given). including 
their units. 

* Identity the required variable (the value Mat needs to be 
Caiculated). This variable will be the one variable that is 
not on your lt cf given variables. 

* Write down the equation that contains ail the variables and 
that can de used to solve the problem. 

2. Use the appropriate conversion factors t0 make any neces- 
sary changes in the upits of quanties in the probiern, using 
unit analysis to check that your conversion is correct. 

* Determine the units in which the required variable must be 
expressed. Check that au the given variables are 
expressed in units that will allow you to compute the 
required value in the correct units. 

* |f aecessary. convert the units of any variable to the 
appropriate units needed to solve the equation using 
Conversion factors. 

3. Solve the equation for the required variable. 

* If necessary. isolate the required variable using formula 
manipulation Formula manipulation rearranges the equa- 
tion into a form that allows you to solve for the required 
variable. 

* Enter all the given variables in the equation. including their 
units, 

Ferm the caicutations, using unit analysis to cancel ost 
repeated units. 

4. Evaluate your answer 
* Does the final resut make sense? if not recheck your work. 

S. Write a statement to answer the question posed in the 
orignal prole 


Conversion Factors and Unit Analysis 


Suppose you are given a volume in millilitres and need to 
convert the units of this volume to litres. You can convert 
between these units by using a conversion factor. A conversion 
factor is a ratio that relates two quantities expressed in different 
units when the quantities are of the same attribute (for example. 
volume). It is the ra$o of the required unit to the given unit 


For example, to determine the conversion factor (ratio) of 
millilitres (she given unit) to litres (the required unt), first 
Getermine how many litres are in 1 mL. Recall the relasonship 
between the given unit and the required unit. In this case, 
1000 mi are equal to 1 L. 


1TO0mL = 1L 


Then divide both sides cf the equation by the appropriate 
amount to get 1 of the gives units on one side cf the equation (in 
tus case, 1 mL). 


(Om. _ 1L 
1650 1555 mL 


Note that multiplying by a conversion factor does net change the 
value of the measurement, only its und. Unit analysis (also called 
Gmensional analysis) is 2 too! for keeping track of units in a 
Calculation, to ensure that the final answer is expressed in the 
Correct units. The following example shows how to use conver- 
Son tactors and unit analysis to express. in litres, a quantity that 
was given in millüütres. 


Example 6.11 
Express the volume 225 mL in litres. 
First, write the given variable: 
volume, V.» 225 mL. 
‘Now multiply the variable by the conversion factor. and 
‘cancel cut any repeated units: 
vom n BS. e- VX übe 


Y = QS x wwa 
1 = O255L 
The volume of 225 mi is equal t2 0255 L 


Formula Manipulation 

When solving a problem. you may find that the equation is not in 
the correct form to solve for the variable that you need. You then 
need to rearrange the equation so that the variable in which you 
are interested is the only variable on one side of the equation, 
and the known quantities are on the other side. To isolate a 
variable, you must always perform the same mathematical 
operation on bath sides of the equation. 


Example 6.12 

tron has a specific beat capacity, c. of 0.449 J/g^C. What 
was the mass. m, of a piece of iron if the temperature 
change, At was 10.0"C when 449 kJ of thermal energy. Q. 
were added? Use the formula O= mer. 


The given varabies are- 


£20449 JC, 
At» 4100'C, 
0-449 iJ. 


The required variable is mass. m. 


Because c is expressed in units of Ag C. you must 
first convert O from kJ to J. Since 1 kJ = 1000 J. tbe unit 


Conversion is: 
Q = 430 
= unis T 
= 4499000 


Next, rearrange the formula Q= tf to solve for m. You 
Can isolate m by Guiding doth sides of the equation by cat 


You can now substitute the given varabies with their units 
and work out he answer. Remember to include and cancel 
cut units at each step. 

Q 


" 

a 
d 
* 


Data collected during an experiment is usually recorded in a data 
table. You can find out more about making a data table in 
Student Reference 2: The Inquiry Process. For quantitative data, 
analyzing the relationship between the responding and manipu- 
lated variables in an experiment can be made easier by using the 
data to create a graph. A graph can be thought of as a picture. or 
visual representation, of the data. 


Circle Graphs 


A circle graph is useful when you want to display data that are 
part of 2 whole. There are no manipulated or responding 
variables in this kind of Gata. For example, this circle graph 
(Figure 7.1) shows the percent of different gases in Earth's 
atmosphere. The graph is given a title that descrides the 
information it contains. and each section of the circle is clearly 
labelled. Circle graphs may be drawn by hand using paper and 
pencil, or using technology such as a graphing calculator or 
spreadsheet software 


Percent of Atmosphere 
0.97 


Hopes — Mother 


Bil nitrogen 


in des Circle graph. the whole cicle represents Earth's 
atmesphere and the parts show the percent of each specilic gas. 


Bar Graphs 


Bar graphs are useful when you want to analyze the relatonship 
between quantitative data in different categories. For example, 
Table 7.1 shows the average monthly precipitation in Jasper, 
Alberta, in this example. the manipulated variable is a category, a 
month, and the responding variable is the average precipitation. 
The average for each month in the table was calculated 
independently of the other months. The data for each month are 
therefore discrete (separate) trom the data for all the other 
months, The researcher would first record the data in a table 
similar to the one in Table 7.1 


pu 1 


Average Precipitation per Month in Jasper, 
Alberta from 1961 to 1998 


Month Average Precipitation (mm) 


Data Source: Environment Canada 


On a bar graph. the manipulated variable (e... the month) is 
plotted on the x-axis and the responding variable (e.g. the 
average precipitation) is plotted on the y«axis. The x-axis is the 
horizontal axis and the y-axis is the vertical axis. The maximum 
number on the scale of the y-axis is determined by the maximum 
value in the data set. If all the values in the data set are positive, 
the minimum number on the scale is usually zero. If the data set 
Contains negative numbers, then the minimum value in the data 
Set will be the minimam number oa the y-axis. 

Each category in the data set is drawn as a bar of equal width 
on the x-axis. The height of each bar is determined by the value of 
the responding variable, and it is drawn according to the scale of 
the Aan. The graph is given a title, placed at the top of the graph. 
which describes the information presented, Bar graphs may be 
drawn by hand using paper and pencil, or using technology such 
as a graphing calculator or spreadsheet software, As you can see. 
the changes in the responding variable are a lot easier to sae on 
the graph in Figure 7.2 than in Table 7.1. 


upto odere hc arcae wise 


a 


dan feb Mar Apr May Jun Jui Aug Sep Oct Now Dec 
Mos 


È is lear that the amount of precgitation c highest from 
Jane te August and lowest tom February Io April bom tis bar graph 


Scatterplots 


Scatterplots are useful for analyzing the relationship between 
Quantitative data in which both the manipulated and 
responding variables continually change during an experiment 
For example, if you were to measure the speed of a bicycle (fitted 
with a speedometer) rolling down a ramp over time, the 
manipulated variable (time) and responding variable (speed of 
the bicycle) would be continuossly changing, such as in the 
Gata in Table 7 2. 


On a scatterplot, the manipulated variable (e.g., time) is 
plotted on the x-axis and the responding variable ſe g. speed) is 
plotted on the y-axis. Each axis must be Clearly marked with a 
Scale, which must take into account the entire range of measure- 
ments to be plotted and use up at least half the size of the graph 
paper used, The maximum and minimum numbers of the data 
determine the maximum and minimum numbers on the scales of 
the axes. It is not necessary for each axis to start at zero, Dut the 
axes of a scaterplot usually cross one another at the zero point 

Each piece of data in the table is then plotted by moving over to 
the correct position on the x-axis and up to the correct position on 
the y-axis. A point Is placed at the intersection of these two 
positions. if two or more sets of data are plotted on one graph, 
diferent colours or shapes are used to plot the different data sets, 
and a legend is provided to explain the colours or shapes. When the 
scatterplot is completed, it is given a Sue that describes the infor- 
mation presented. Scatterplots may be drawn by hand using paper 
and pencil, or using technology such as a graphing calcustor or 
spreadsheet softwere. Figure 7.3 shows a scatterplot of the data in 
Table 72. 


0 EJ 100 150 200 250 300 
Time f(s) 


This scaterpict shows the relationship between the two 
variables, time and speod, as separate points oe the graph 


Drawing the Line of Best Fit 


A line of best fit drawn through the plotted data points can help an 
experimenter determine the relaSonship between variables more 
clearly. Scatterplots that include a line of best it are commonly 
called line graphs. You can use a graphing calculator or spread- 
Sheet software to draw a line of best fit on a scatterplot. Note that 
you cannot create a line of best fit by connecting or trying to draw 
à curve or straight line through all the data points. Figure 7.4 
Shows the line of best fit for the scatterplot in Figure 7.3. 
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a point is far off the fine of best fit, such as is shown in Figure 
7.5, it indicates that a serious error may have been made. If this 
occurs, measure the data for that point again. If the same result 
is obtained, a factor other than those under investigation may be 
the cause of the variation. For example, suppose another 
student's data table contained the entries in Table 7.3. 


ETE] Speed ot Bicycle over Time 


The line of best fit for the scatterplot of these data is shown 
in Figure 7.5. 
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0 E 100 150 200 250 300 
Time f(s) 


Although the line of best fit is still a straight line. it does 
not pass Proug all the data points The points that are not on me line 
should be meassred again, t» ensure they are accurate 


Combining Different Types of 
Graphs 

In some cases, two ditterent types of data may be combined on 
one graph. For example, in Unit D you will create cimatographs, 
which are graphical representations of the average climate of an 
area. A Climatograph is composed of a bar graph showing 
average precipitation per month, and a line graph showing 
average temperature per month, There are two vertical axes, as 
shown in Figure 7.6. The vertical axis on the lef presents the 
scale tor the precipitation data. and the vertical axis on the right 
presents the scale for the temperature data. 


II m a 
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Ie e e 
Source: Envronmest Canada 


UTER + clirtogran combines a line graph with a bar graph, 


Average Precipitation (mm) 
Average Temperature (°C) 


Interpolation and Extrapolation 


Graphing data can also allow us to estimate values for data 
points that we did not or cannot directly measure. Interpolation 
is the process of estimating a vale that is between two directly 
measured data points of a variable. Data can often be interpo- 
lated using a line graph. For example, in Figure 7.4, you might 
want to interpolate the speed of the bicycle after 250 s 
Figure 7.7 shows the procedure for interpolating data from a 
linear relationship on a ine graph. 


GETEA viie ee eom a lise graph when the 
relationship between the variables is linear. 


Speed of Bicycie over Time 


First, locate the data point in which you are interested on the 
appropriate axis. In this example, this is the 250 s point on the 
-àxis. Next, draw a perpendicular line trom this point to the line of 
best ft. At the point where the perpendicular line and the Ene of 
best fit intercept, draw a second ine at a right angle to the first line 
and al the way to the second axis. In this example, this is the line 
from the intersection point to the y-axis. You can now read the 
interpolated value for the second variable using the scale of this 
axis (2.10 m/s in this example). 

There is always some inaccuracy involved in interpolation, 
because we assume that the trend of the line continges between 
measured points. This assumption may not always be valid. 
Thare is also inaccuracy due to measurement, especially if you 
are working with pencà and paper. 

Extrapolation is the process of estimating the vales of a data 
point beyond the limits of the known or measured values. 
However, there is a considerable risk of inaccuracy, because we 
assume that the trend of the curve or straight line continues 
outside the range of the data A dotted line is usually used to 
show extrapolation of a line. Figure 7.8 shows the extrapolated 
value for the speed of the bicycie at 400 s. 


To eee Be 
speed of the bicycle at 400 s, extend the 
nat tine d he gagh beyond fv last 
^ daa point, The extrapolated line is 
shown as à doted red line. The speed of 
The bicycle at 40 s can then be 
determined by drawing 2 straight ine. 
(horizoetal bun dotted line) to de y 
ais from the intersection of the 400 s 
point oe the Nu with the extrapolated 
(ive (vertical Dive dated line) This 
gies an extrapolated speed of 3.35 mi. 
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Relationships between Variables 


The main function of graphing is to help us to understand the 
retahonsaags between venabies The previous examples have all 
shown hnear relationships between the manipulated and 
responding variables That is, a straight line defines the 
relationship between the varudies Line graphs (scatterplots 
with a line of best fit) can also e you if 2 reStionstap between 
variables is noc-linear. For example, consider the following data 
on the speed of two different bicycies as they passed markers 
at different distances during a race (Table 7 4) 


] ESTEE] Speed of Tues Bicycies Passieg Markers 


Speed of Bicycle A | Speed of 


The line graph for these data is shoam in Figere 7 9. The 
plotted data for bicycle A show a Enear relationship between 
speed and distance. in other words, the cyclist is increasing 
speed. or accelerating, at a constant rate. The plomed data for 
bicycle B, however, show a aon-imear relationship between 
speed and data. in this case, the cyclist is accelerating at a 
greater rate as The race continues. 


Speed of Tex Bicycies over Distance 
2 


03 10 20 30 m 30 
dee 4 (2) 
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speed and Sstance, Dur Me daa tor tecycie B Stow 2 non-imew reiaton- 
Ship bees ese tuc es 
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Calculating the Slope 

If the relationship between two variables is linear (L2, the line of 
best fit is straight), we can use the graph to find the slope of te 
line. The siope of the ine is defined as the ratio of the rise to the 
run. A run is a horizontal line drawn below the curve of the 
graph, touching the curve at one end. A rise is 2 vertical line 
joining the tree end cf the run to the curve 


Slope = SSE 
run 

When two variables have a knear relabonshig, then the 
manipulated variable and the responding variable increase or 
decrease in proportion to each other. When one variable varies 
by one unit, the other will always vary by a certain number of 
units. The siope of the graph gives us this number 

Figure 7.10 shows how to caiculate the siope of the graph 
first shown in Figure 7.4. To find the slope. draw any convenient 
ren on the graph. Your calculations will be simpler and more 
accurate d you make the run a large whole number. Then drew 
the corresponding rise. 


‘Speed of Bicycle Over Time 


[n 


Spend v (m^) 


i 


e 


0 E * 150 E = xe 


Tess graph bas a run ot -- 200 s anda nse 
C2 85-040m5- 1700 


To calculate the slope for this graph. carry out the following 
Steps: 


So = fee 
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m 
= 85x % 
The siope of the graph is 85 x 10? m/s? 


We can therefore say a iot of things about the relationship 
between speed and time from tas graph. We can say Tul speed 
and time have a linear relationship. ie., the two variables 
art directly proportional to each other. From calculating the 
Slope of the graph, we know that the proportion by which the 
speed of the bicycle increases is 85 x 10? mis for every 1 5 
increase in me. 

Notice that the slope has units. Examining the units will help 
you determine the meaning of the slope. The slope of a spesc 
versus time graph such as Figure 7.10 is in units of m/s, which 
is the enit for acceleration By finding the slope of the ine, we 
have found the value for a quantity that we did not Girecthy 
measure, in this case, the acceleration of the bicycle. 


Calculating the Area under a Line 
The area under the line of a graph of a linear relationship can also 
be used to find the value of a variable that was not directly 
measured. The relationship between variables is often describes 
by an equation. For example, the speed (v) of any object can de 
calculated trom the following formula 

Ad 

=a 
where Adis the change in distance and A! is the change in time. 


By formula manipulation, fis formula can be rearranged d solve 
for Ad That is 


Ads vat 


The data in Table 72 do not include any measurement for the 
Gstance the bicycle travelled. We could use this formula to 
determine ^d for any ame pou, or we Can determine Ad from 
we area under the line 


Note that fe shaded area under the line in Figure 7 11 forms a 
triangle The ares under the ine can therefore be determined as 
doro 


area under the ine 


i 


= 165m 


The distance that the bicycle travelled in 200 s was 165 m. 


The area unde fis fine & a triangle. You D can 
ise Tre formate tr the wea of 2 Diane h Sac De arta. 


A microscope allows us 10 see an image of an object that is too Small 
30 see with the unaided human eye. A light microscope functions by 
focussing 2 beam of light through fe obiect into the lens of fe 
microscope. A compound igt microscope is any light microscope 
fiat contains more than one lens. The compound light microscope 
you wil use in the cee classroom contains an eyepiece lens and 
a number of objective lenses. Each c lens s a combination ot 
two lenses made of áfierert lands of glass 


The Parts of the Microscope 

It is important to mo the location and function of the parts of 
The microscope in order to use it correctly. These are shown in 
Figure 8 1. 
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Using the Microscope 


1. Carry the microscope with two hands, grasping the arm of 
the microscope with one hand and holding the base of the 
microscope with the offer. Place the microscope on the table 
Or Dench so that the arm is facing you 

. Plug in the microscope and turn on the Sight 

. Rotate the nosepiece until the objective lens with the lowest 
power is in place. 

4. Place a microscope slide on the stage and secure with the 
age cg 

5. Watch the stage from one side of the microscope and slowly 
lower the nosepiece with the coarse adjustment unti it s as 
low as possible Ensure the lens does not touch the side 

6. Look through the eyepiece. Siowly turn the coarse adjust- 
ment so that you move the lens nay trom the slide. Stop 
when the image comes into view 

7. Use the fine adjustment to sharpen the focus of the image. 

8. if you need to view the object under higher magnification, 
waich from the side of the microscope and rotate fhe nose- 
pece unti the next higher power objective lens is in place. 
Ensure the leas does nct touch the slide. Use only the fine 
adjustment knob to focus the image. 


en 


Magnification and Field of View 


Each lens on the compound microscope will magniy a sample to 
à deen degree. Magnification is calculated by multiplying the 
power of the ocutar lens (usually 10x power) by the mapnifica- 
don cf the objective lens you are using 


magnification = (power of ocular lens (power of objective lens) 


For example, if you are viewing a slide using a 4x power 
objective lens, the magnification of the image would be 
(10944x) = 40. 


The Seld ct view is the entire area that you see when you look 

fhrough the microscope. The diameter of the field cf view vanes 

with the particular objective lens yos are using. The diameters of 

fhe field of view for low-power (4x) and medium-power (10«) 

Objective lenses can be determined dy the following steps: 

1. Rotate the objective lens isto position. 

2. Place a small, transparent. metric ruler on the stage so that È 
Covers about half the stage. The ruler must de small enough 
to fit on the stage. 

3. Using the coarse adjustment knob, bring the rules into focus. 
Adjust the placement of the ruler so that the scale crosses the 
centre of the circie (the diameter), as shown in Figure 8.2. 

4. Use the fine adjustment knob to get a clear, sharp image If 

necessary, adjust the ruler so that one of the markings on the 

left side is exactly at the edge of the diameter. 


Move Ihe rule: so that ou ace measuring me ameter 
fuic) cf he field of view tron en 12 dt 


S. Determine the diameter of the field of view ia millimetres. 
using the scale on the ruler. Convert the millimetre 
reading to micrometres. This is the field of view for the 
magnification used. 


You cannot measure the diameter of the feld of view of a 
high-power (40x) odjective lens rang Ms method. because the 
field of view is less than 1 mm. However, you can estimate the 
diameter of the field of view of a high-power objective ers by 
using ratios. As you increase magrsficaton by a ceram amoure. 
you decrease the diameter of the feld of view by the inverse of 
that amount. 


‘Therefore, you can determine the Garneter of the feld of wen cf 
a high-power (HP) objective lens by using the following ratio: 


HP feid dameter , LP magnfeaton 
LP field Gameter — HP magnification 


Note fat when the magsification increases by a factor of 10, 
Such as from 4x to 40x, the field diameter decreases by the 
same factor (10x). from 4500 ym to 450 ym. 


Once you have estimated the diameter of the d of view of 
an objective lens. you can estimate the size of any structure you 
are viewing with that iens. Compare the size of the structure wiih 
the diameter of the field of view. For example, fl a cell 
component takes up one-tenth of a field of view that has a 
diameter of 400 um then the cell component is about one-tenth 
of 400 ym, or 40 pm. 
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Preparing a Wet Mount 


1. Obtaia a clean microscope slide and coverslip. In a wet 
mount, the Coversiip serves tree functions: t flatiens the 
sample, R preveats the sample from drying oct, and it 
protects the cdjective iens from cootammation. 

2. Place your sample in the centre of the side. The specimen 
must be thin enough for light to pass through. 

3. With an eyedropper, place a drop of water on the sample, as 
Shown in Figure 8.3. 


W 


4. Pace the coversip at an angle at one end of the drop of water 
(Figure 8.4(a)). Carefully tower the coverslip to cover the 
sample, being careful not to trap any air. it may be helpful to 
use a probe or toothpick to lower the coversiip. 

5. N you do get air bubbles, gently tap the slide with a probe to 
release them (Figure 8 4(b)). 


(5) tapping gecfy on the covers/is can release zy ar buddies Tut do 
occur. 
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Staining Samples 

The parts of a cell are composed of various substances, and the 
dflerent cell components react differenty to many chemicals. 
Stains are chemicals that react in spectic ways to different celi 
components. Stains therefore make it easier to distinguish the 
components of a cell. Some stains will dye only certain parts of 
the cel Others change colour depending on the substances that 
comprise the different cell components. 

There are many ways to stain cells, Sut one of the most 
Common ss the fiow technique. This technique may be used to 
Stain cells with. for example, iodine or metrylese bive. The flow 
technique consssts of the following steps: 

1. Prepare a wet mount slide, as described at left. 

2. Place a drop of stain at the edge of one side of the coversip. 

3. Obtain 2 small piece of paper towel or tissue paper Place the 
paper against the edge of the coverslip on Me side opposite 
to the stain, as shown in Figure 8 Sia). 

4. Allow the paper to wick the dai from under the coverslip and 

draw the stain into the sample, as shown in Figure & 5(d} 

8. Remove the paper when the stain has travelled to the other 
side of the coversiip. 
6. if the stain is too dark. t may be diluted by repeating steps 

2 to 5 with a drop of water. 


GEERT o Pace m pape mn mio being covets act 


sub yo ampie 
cad 


wet nou eure 


(b) Do sot remove the pape: um De stain is spread evenly under the 
c 


Drawing Scientific Diagrams 


To record what yos observe under a microscope, you will oftes 
Graw a scientific diagram. Scientific diagrams can also be used 
to record observations not made with a microscope. For 
example, they may also be used to show how equipment is set 
Up for an experiment or to record objects observed with the 
unaided eye. A scientific diagram is different from other types of 
Grawings in that it represents “the real thing.” in other words, 
it is a record of exactly what was observed, with all features 
accurately drawn and identified 


Guidelines for Drawing Scientific Diagrams 

1. Give a title for your diagram at the top c! the page The 
title should include information about the object shown 
(Figure 8 6) 

2. Use pencil. Do not colour diagrams. Shade areas ff necessary. 

3. Draw only one diagram on a page. (There are sometimes 
exceptions to this rule, for example. 4 you were drawing only 
very smpk dagrams } 

4. Label the parts or structures of the object on the Gagram. 
Use a ruler to draw ines ta connect the label to the part or 
Stracture. 

5. Record the scale of the drawing at the side of the diagram. 


saei 


This to of a sciacthc Sapam shoes the wares 
gi a cess sectional view of a pant stem. 


When samples have been dissected (cut apart). it is 
important to note how they were prepared in the title of the 
diagram. A sample can be prepared aS è cross section (across 
the width), as in figere B 6, or as 2 long@ecinal section (lesgth- 
wise), as in Figure 87. 


[ricuae 5.7 R2 
longtudng view of a plart 
Serm shows Ofert eases 
di fe pint sten trom these 
Shown iz across section. 


Dagrams may be drann larger, smaller. or the same size as 
the actsal object. The scale cf a diagram is the difference 
between the size of the diagram and the size of the actual object. 
Scale is often expressed as a ratio, such as is the examples in 
Table 8.1. 


EEEE] (Actua! Size, Diagram Size, asé Scale 


ETTUEREPTTIETUC 
[ esn | zsm [rmen 


When using a microscope, the actual size of the object is 
usually estimated by comparing it to the diameter cf the field 
of view. 


To calcslate actual size and scale for a scientific diagram, you 
must first measure the feld diameter (f you are using a mico- 
scope) and the size of the finished diagram. Actual site and scale 
can then be caiculated using the following relationships: 


actual size _ teic diameter 
ot object number of objects estimated to fit across field of view 


- Gagran sz of objects (units) 
sue actual sce (snits) 


Research involves finding and recording accurate information 
about a topic or subject. Information can be found just about 
anywhere. Here are a few ideas that you might use 


newspapers, magazines 

films. videos, CD-ROMs, DVDs 

Internet sites 

community professionals or experts 

govemment agencies (local, provincial, and federal) 
non-profit organizations 
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Using Library Resources 


Library computer catalogues are a fast way to find books on the 
subjects you are researching. Most of these electronic 
Catalogues have four ways to search: author, title, subject, and 
key words. If you know the author or title of a book, just type it 
in. Otherwise, use the subject and key word searches to find 
books on your topic. 

* If yos are doing a subject search, type in the main topic 
you are researching. For example, if you are searching for 
information on solar energy, type in "solar energy." If 
there are no books on that topic. try again using a more 
general category. like "renewable resources" or just 
"energy." 

* W you are doing a key word search, type in any combina- 
ton of words that have to do with your topic. To research 
solar energy, you might type words such as “renewable 
energy," “Sun,” or "solar panels." 


The library may also have a way to search for magazine 
articles. called a periodical search. A periodical is any publication 
that is published regularly, such as newspapers, magazines, and 
journals. Periodical searches may be done using a computer or 
by using special periodical indexes. Periodicals are especially 
useful for finding information on recent events. Ask your 
librarian how to do a periodical search. 

Your library will also probably have a reference section where 
encyclopedias, atlases, and other reference books that must be 
used in the library are kept. These resourcas can provide you 
with accurate information on more general concepts and facts, 
such as the parts of the cell or the structure of an atom. 


Using the Internet 


The Internet is useful for finding information on many subjects. 
Make sure you know your school's policy about acceptable use 
of the Internet, and follow this policy whenever you use the 
internet at school 

To find information quickly on the Internet, make use of 

special programs called search engines. A search engine scans 
the Internet for Web sites containing specific information. To find 
a search engine, ask your teacher or click Om the search icon 
found at the top of your Internet browser. Here are some 
suggestions on how to search the Internet: 

* In me appropriate place on the search engina Web page, 
type in key words or phrases that relate to your topic. For 
example. to find information on solar energy, you might 
use the following key words or phrases: "solar energy,” 
"solar paneis,” or "renewable resources ^ 

* When you Click on the appropriate button (usually labelled 
00 or "search"). the search engine will scan the Internet 
and then display a list of Web sites that contain your key 
words or phrases. You can then click on any Web site on 
the list to go directly to that site. 

* If your initial search gives you a very long list, you may 
need to make your search more specific. Start your search 
again, but add other key words to your initial search 
terms. Some search engines allow you to search within 
the first ust for additional terms without starting over. For 
example, if you were looking for examples of solar energy 
in Canada and your initial key words were "solar energy,” 
you could add the key word "Canada" to your search to 
reduce the length of the list of sites. 

* You might find you want to check a previously viewed site, 
so remember to record the addresses of any useful Web 
sites. Your Internet browser should have a way for you to 
keep a file of sites you want to visit again (these may be 
called either “bookmarks” or “favourites”). Check with 
your teacher or librarian to find out how to save Web site 
addresses. 


Be aware that some Web sites may be strongly biased toward 
a specific point of view. Educational or government Web sites are 
generally reliable. 


Note-Taking Charts 


‘When researching, you need to record the information you 
collect in an Organized manner. One way you could do this is to 
use a note-taking chart. 

In both printed and electronic information sources, informa- 
tion is usually organized under headings. For example, the 
information you are reading now is under the heading "Note- 
Taking Charts." Use these headings as a tool for recording 
relevant information, Before you begin any in-depth reading. 
look at each heading and turn it into a question. Try to use 
“how,” “what.” or “why” to begin each question. Write your 
Questions in your chart. Leave enough space between questions 
to record information as you read. 

For example, a student was asked io prepare a report on the 
scientific meaning of work. She found a section in a book that 
had the following headings: 


A note-taking chart keegs all your information organizes 
as you work, tis similar to 2 data table used during a lab activity. 


Recording Information Sources 
As you do your research, you will look at many different sources. 
Whatever sources you use, you need to record and communicate 
them clearly. This allows you or anyone else to go back and 
recheck the information. If you do not present the reference 
sources you use, you may de committieg plagiarism, which is 
taking or using someone else's words or ideas as your own. 
Your teacher may want you to list your information sources in 
a specific format. Check this format before you begin your 
research so that you can collect the details you need. Your 
record should include at least the following: 
* the title or name of the source 
* the author's name, if known 
the name of the publisher 
the date the material was published 
the spacific page numbers you consulted 


Most lists of information sources are presented alphabeti- 
cally, according to the name of the author (or editor). If there is 
no author or editor, alphabetize by the first word of the title 
(other than “a,” “an,” or the) Here are some examples of 
commonly accepted styles for presenting reference sources. 


a) Books with one or more authors: 
Trentsky, Ota, and Frank O'Brien, The Life of 
Plants. Edmonton: Glacier Press, 2001. 

b) Books with one or more editors: 

Singh. Vijay. ed. Machines in Motion. Calgary: 
Advance Press, 2000. 

t) Books with no author or editor: 

The Canadian Atlas of Climate. Vancouver. 
Three Spokes, 1999. 

d) Encyclopedia 
Lee, Hu, “Chemical Reactivity” Encyclopedia of 
High Schoot Chemistry. 1999 ed. 

&) Government publications: 
Government of Alberta. Alberta Learning, 
Science Data Booklet. Eómonton, 1999. 

T) Periodical publications: 

Kampa. Bisasu. "The Efficient Engine." 
Everyday Techaology 14 Jan. 2003: 12-15. 

g) Wed sites: 

Canadian Forestry Organization. Sustaining Canada’s 
Forests, Aug. 2001. 12 Sept. 2003. 


«http.//www.cantotorg/sustain umb. 
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Visual organizers are effective tools that can help you m They 
enable you to problem-solve and think critically by analyzing 
similarities and differences, inferring sequences. and establishing 
Cause-and-effect relationships. They generate discussion and 
negotiation of ideas, extend comprehension of a concept, theme, 
Or topic, and lead to organized representation and presentation of 


understandings. You can wse them to brainstorm, to demonstrate 
what you know, and to organize your thoughts before writing a 
report or essay, or planning a presentation. The following chart 
outlines a number of graphic organizers, their intended purposes. 
and how to use them as you study science 


Type ot Graphic Ürganizer 


Concept Map or Web Diagram 


Flowchart or Sequence Chart 


> > 
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Purpose 


Used to clarify relationships and linkages 
between concepts, events, or ideas 


Used to visualize similarities and 
Gifferences between two or more ideas, 
topics, or concepts 


Used to map out your thinking about 
an issue or to organize ideas for an 
essay or report 


Used to rank ideas in order of 
importance 


Brainstorm ideas and link together from 
“big to small" with arrows or fines 
finkgng words. Cluster information 
around a central concept or idea. 


Brainstorm similarities, and list these 
in the overlapping section of the two 
Circes, Then brainstorm differences 
and list these in the non-overtapping 
Sections. 


Brainstorm aspects of the whole event 
or concept. Select important aspects 
and put them into sequential order. 


Brainstorm ideas and rank them in 
order from most important (bottom 
rung) to least important (top rung). 


Purpose 


Used to analyze cause-and-effect 
relationships 


Used to explore the consequences of an 
idea and the impact of its application 


Used to weigh the importance of facts 
and ideas 


Used to organize data to support a 
position for or against an idea or 
decision 


Used to summarize the negative (costs) 
and positive (benefits) aspects of à 
lopic or issue 


Used to identity and sequence the 
Subordinate concepts needed to 
understand a higher-order concept 


List the effect at the head of the "fish." 
Brainstorm possible causes and list 
them in each "boae." Rank the causes 
and circle the most probable ones. 
justifying your choice. 


Briefly describe the idea you are 
exploring on the horizontal arrow. 
Brainstorm consequences of the idea, 
and list these to the right of the 
horizontal arrow, Expand on one 
consequence, and list details about it 
along the vertical arrow. Describe social 
impacts of that trait below the vertical 
arrow. 


Brainstorm tacts and ideas. Rank their 
importance and place the most 
important facts or ideas centrally, and 
the least important toward the outer 
ring. 


List a series of statements relating to à 
topic or issue. Survey agreement and 
Gisagreemest before discussion. Survey 
again after discussion and research. 


Ust ideas or information relating to the 
topic or issue. Sort the ideas or 
information in a chart that includes 
the headings "Costs" and "Benefits." 


Place the higher-order concept at the top 
of the page. Then consider the question, 
"What concepts need to be understood 
before the higher-order concept above 
can be grasped?” The same question is 
then asked for each of the subordinate 
concepts and a hierarchy of connacted 
concepts is created. 
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Whether your work in science involves the inqsiry process. the 
probiem-solving process. or the decision-making process. the 
final step is always to effectively communicate your results. 
There are many diflerent ways you may communicate results: 
you might give an oral presentation, create an electronic 
presentation. or make a video. Many times. however, you wil 
be required to write a report 

The ist below summarves afi the things you need to do when 
communicating scientific information in a written report. 


* Gwe your report a title. 

* Tell your readers why you did the work. 

* Sate your hypothesis, describe the design challenge, or 

outline the scope of the soe. 

List the materiais anc equipment you ssed 

Describe all the steps you took whea you did your 

OF researched the Ssae. 

* Communicate your experimental data. the results of 
testing your product. or the background information on 
the issue. 

* Analyze and interpret the results of your experiment, 
Product test or research on the issue. 

* Describe your conclusions. 


If you are writing 2 report on an experiment or a product 
design. yOu will need to follow ail e of these steps. 


Bive your report a title. 


Write a brief ti at the top of the first page of your report. Your 
fite may be one or two words or a short sentence, but it should 
describe the experiment you performed, the product you 
Gesgnad and made, or the issus you mvestigated 


Tell your readers why you did the 
work. 


Use a heading such as "Introduction" or "Purpose" for this 
section. Describe your reasons for Going a particular experiment, 
designing and making a particular product. or considering a 
Specific issue. M you are writing about an experiment. state te 
Quesson you invessgated If you designed 2 product. expla why 
this product is needed. what it will do, who might use it aad who 
might benefit from its use. f you considered an issue. state the 
issue and explain why you found it important or interesting 
enough to research. 
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State your hypothesis and design 
statement, describe the design 
challenge, or outline the scope of 
the issue. 


if your report is about an experiment, state your hypothesis and 
your design statement Your hypothesis must indicate the reia- 
tionship between the manipulated anc responding varables A 
design statemeat is an outline of the general plan for testing the 
hypothesis, and identifies all the variables. Refer to Student 
Reference 2 The inquiry Process tor more information. 

if your report is about a product you designed. describe the 
reasons behind your desigh. Explain how and why you chose your 
design over other possible designs. mciuding features such as $e 
materals you used. 

if your report is about an issue. briefly outline the scope of 
the issue, such as who is affected, the locations that are affected, 
and any other related information. You may wish to include this 
éormason n the stroduction to your report. 


List materials and equipment. 


List all the materials and equipment you used for yoer 
experiment or design project. Your list can be in point form, or 
set ia a table or chart. Include the exact amounts of materials 
used (eg. the masses of substances used in an experiment or 
the number of nails used to build 2 model). include the proper 
units and exact measurements for all materials used. Also 
clude in fus sec9on any Gagrams that show how you set up 
your equipment or prepared your materials. You may wish to use 
the heading “Materials and Equipment" for this section. f you 
are writing 2 report about an Se you have researched. you do 
not need to complete this step. 


Describe the steps you took. 


Mf you performed an experiment. describe in detail all the steps 
you carried out in order to complete t. If you made a product, 
Outline what you did to design and make your product, and how 
you tested R. K you had to alter your design based on your 
testing, describe how you did this as wel. If you researched an 
issue, briefly describe the kinds of sources you used. such as 
reference books, government sites, or interviews with experts. 
You may wish to use the heading "Procedure" or "Method" for 
thes section. 


Show your experimental data, 
results of testing, or background 
information. 


in this section of your report, show the data or information you 
Collected while performing the experiment, testing your product. 
or researching an issue. Use data tables and Giagrams to clearly 
communicate the results of an experiment or of tests of a 
product. if you performed your experiment more than once, 
include the results for each trial. If you tested several designs of 
your product, give results for each design. If your report is about 
an issue, this section should be 2 concise description of onty the 
information that s essential for a reader to understand the issue 
and all the related viewpoints. Diagrams or pictures can aiso help 
you to communicate the background information on an issue. 
Give this section a heading such as "Data." “Observations.” or 
“Background information” 


Analyze and interpret the results 
of your experiment, product 
testing, or research. 

This section must communicate how you analyzed the cata or 
information you collected, and the interpretations yos made 
based on that analysis. Include any calculsSoss or graphs you 
used in analyzing your Cata. Refer to Student Reference & Math 
‘Skis and Stadent Reference 7: Graphing tor more information 
on analyzing datz. If your report concerns an issue, describe the 
results of your analysis. Fer example, # you anatyzed the costs 
and benefits of an issue. you would describe whether the costs 
outweighed the benefits (or vice versa). If you used a particelar 
tool to analyze your information, describe the tool. Student 
Reference 10: Tools for Analyzing information describes several 
such tools. You may wish to use the heading "Analysis and 
ieterpretaton" for this secton. 


Describe your conclusions. 


The last secon of your report can be called “Conclusions.” in 
One cx two paragraphs, explain what your tests and expenmerts 
showed, or what decision you made as a result of your research. 
if you performed an experiment, state whether your resuts 
Supported your hypothesis. if the results do not fully support 
your hypothesis, describe how you might adjust the hypothesis 
based on your results. and how you might test this new 
hiypothess. Describe the practical appicasion your experimental 
tesuts might have for the world outside the classroom: 

M you made a product. explain whether your design worked 
the way you intended. N you changed the design of your product 
after testing, explain why one desiga is better than another. 
Describe the practica: applicabon your product mugt have for 
the world outside the classroom. 

if you considered an issue, explain why you made the 
decision that you Gd. Briefly summarize the supporting evidence 
for your decision. If necessary. explain how your decision 
responds to diflerent viewpoints on the issue. 
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B. Some Common Chemical Compounds 


* used in the manufacture of fertilizers, explosives. 
and synthetic fibres. and as a refrigerant 


* produced during nitrogen cycie by plants 


© used in the production of ayton and polystyrene, 
and as 2 solvent 
* i$ à component of gasoline 


* produced dy cellular respiration of bang things 
and Dy combustion of fossil teen 


* used by plants for photosynthesis 
* isa greenhouse gas 


° used as a solvent, in the manufacture of 


* iS a simple sugar, produced by plants during 
photosynthesis trom carbon dioxide and water 


© produced dy the decomposition of orgamc matter 


* isa major component of satural gas 
* isa greenhouse gas 
© used in the production of wood adhesives and 


plastics, as a solvent for paints anó dyes. and as 
gas-ine act-treeze 


* is a vital component of al bung cels 
* qui water covers over 70% of Farms surtace 


A. Periodic Table 


Coulan? adsrnare 12 220 


F. Thermodynamic Properties of Selected Substances 


Heat of Fusion Heat of Vaporization Specific Heat page 39 page 46 
(kJ/mol) (kJ/mol) Capacity (/- C A2.1 Check and Reflect Practice Problems 
10. a) phosphorus will gain 3 electrons 3. a) BalOH),,, 
nam um 1079 9 b) sodium will lose 1 electron b) Fe CO g, 
€) chlorine will gain 1 electroa €) CuMnO,,,. 
d) magnesium will lose 2 electrons 4. a) gold(lID) nitrate 
€) iodine will gain 1 electron b) ammonium phosphate 
c) potassium dichromate 
} page 49 { 
Practice Problem 


5. a) carbon dioxide 
b) dinitrogen monoxide 
cj phosphorus trichloride 
d) OF yy 
ei N. S. 


fcr 
8) CIO, 
h) C0. 
i) CH,COO- 
j) NH 
pus 4. 2) aluminium ion 
b) potassium ion 
da 
3 Problem c) zinc ion 
2. a} iroaí[II) chloride d) nickel) ion 
bj lead oxide e) iron(If) ion 
c) nickel(III) sulfide 3 ironl(1lI) lon : 
d) copperíll) fivoride hrydrogencarbonste ion 
e) chromium(H) sulfide h) hydroxide ion 
i) thiocyanate ion 
J) sulfite ion 
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ethane 
CaHPO, 
ej ANCH,COO 
fGG,, 


"rd | GH Om 
11. a) carbon tetrabromide 

b) nitrogen monoxide 
oride 


c) oxygen d 
d) iodine monobromide 
e) selenium dibromide 
f) phosphorus trichloride 
g) dinitrogen: tricxide 
h) sulfur dichloride 
12. a) hydre roxide dl Na, SO. 
b) iron(HI) thiocyanate €) NH CIO a 


c) C,H,OH f) sulfur hexafluoride 
pase 69 
A24 Check and Reflect 
4 a} ENOL f) HPO, 
b) GOR, g) potassium hydroxide 
c) CH,COOH,.. h) hydrobromic acid 
d) Ca(OH)... i) sulfuric acid 
e) HA j) magnesium hydroxide 
page 76-77 


23. a) sodium will lose 1 electron 
b) fluorine will gain 1 electron 
€] calcium will lose 2 electrons 
d) nitrogen will gain 3 electrons 
e) oxygen will gain 2 electrons 
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" 
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e) sodium silicat 


ml] chlorite 


g) lead(IV) hydrog 


b) potassium permanganate 


) sodium dichromate 


k) cobalt(II 


) ammonium thiocyanate 


26. a) NaBr,, g) Fes, 
b) CaN, h) CN 
) MgO, Ja 
d) AX, i 
e) Rbi, * Pb... 
D LP, 1) CoN, 

27. a) Li, CO. g) MnICIO,.. 
b) B h) FelOH),.. 
c) Na,PO,. i 
NH, CN. j 
„N, CO 
f) AIBO, lj CPO, 


a) dinitrogen monoxide 

b) sulfur trioxide 

c) phosphorus pentachloride 
d) Cr, 


g) nitrogen triiodide 
b) water 

1) ammonia 

i) CH. 

k) PO... 

I) K 


31. a) hydrofluoric acid 
b) nitric acid 
c) sodium hydroxide — base 
d) methanoic acid or formic acid 
€) ammonium hydroxide - base 
f) ethanoic acid or acetic acid 
g) phosphoric acid 
h) calcium hydroxide - base 
36. a) Ca(NO,)... g) tin(II) chloride 


b) AOH), h) strontium chloride 
c) CHOH. i) NaCH,COO,, 
d) nr. j) PACH, COO) u 
e) ammonium carbonate k) H,O, 
f) sulfur dichloride uno, 
pase 85 
A3.1 Check and Reflect 
10. 145g 


12. 3)574g 


b) 426g 


page 89 

Practice Problem 

1. a) Ny n, me 2 NH, 
b) CaCl, + 2 HO CalOH),... + CHL, 
SC + 2 H.0, 80. % + 4 HG, 
d) 2 H +3 CaSO,, — 


Ca PO, * 3 H,SO,.. 


+2 NaOH, N + 2 H,O, 
MgiCH. COO)... + 2 AgNO, — 


MgiNO,}....,,+ 2 AgCH,COO,,, 


H2H,0,,.—> Org + 2 HO, 
. — My, +2 H Oy 


y? Cla, 


es! 


CD, — C, + H,0,,, (balanced) 
" y* HO, 
e) 2 Na, + 2 H Og — 2 NaOH, + Hy, 


f) 2 Ca00,,,, $ 2 SOL, + O,,, — 2 CaS0,,, + 2 CO, 


* S t 80,,,—^ 8 SOY, 
h) Ca PO. 
i) 2 KCIO,, — 2 KCL +30,, 


»2NaNO,_.+ s. 


;* 3 HSO ny — 2 HPO 200. 


S a} Ca + 2 HCl CaCl t H 
bi Mg.N, HO. — 3 MelOH 
€) HSO usg + 2 NaOH, . 

2 Nο N. i 


2 NaOH... —» Cu[OH),,.. + 2 NaCl, 
page 92 
Practice Problems 
2 skeletor: Li, +O, —+ LO, 


balanced: % +O., 
3. skeleton: Ph, + Br 


balanced: Pb, + 


pase 93 
Practice Problem 
4. a) calcium nitride, Ca, N y 
b) silver oxide, As. O, 
c) aluminium fluoride, AF, 


page 93 
Skill Practice: Formation Reactions 
1. a) potassium iodide 
b) magnesium phosphide 
c] onsizm chloride 


d) calcium oxide 


e) aluminium sulfide 

2. a) Na, + Br.,, Nan 
b] Mg, + F.,,— MeF es, 
c) AL, + CL, — AC 


page 94 

Practice Problem 

5. a) 8 NMS, 8 Mg... + Syys 
bzKL, —2K, + 
c) 2 Al O.. —:4 AL, 
d) N —+ Ni, + 
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a 2*2, 
B2CH, «70 400 % -H. 
. 550% IO + 4H,0, 


di2GH,, + #5 OL, — 1200,, «6 H,, 


pase 97 
Practice Problems 
7. Word equation: chlorine + nickel(IlI) bromide — 
nickel) chloride + bromine 
Skeleton equation: Cl... Ni mt 
NICL,__, + Br. 
Balanced equation: 3 Cl, + 2 NiB. : 
2 NiCl +3 Br, 
B. Word equation: zinc + silver nitrate —+ > 
zinc nitrate + silver 
Skeleton equation: Zn, + AgNO gay — 
Zul O ssy + AB) 
Balanced equatioz: Za, + 2 AgNO sy 
NO + 2 A, 


page 97 
Skill Practice Decomposition and Single Replacement 
Reactions 
Activity Notes 
1. a] magnesium phosphide —^ 
magnesium « phosphorus 
bj sodium chloride — sodium + chlorine 
c] strontium oxide — strontium + oxygen 
d) zinc + ironfH) chloride iron + zinc chloride 
el aluminium + copperíII) iodide — 
copper + aluminium iodide 
f) magnesium + gold(IlI) nitrate — 
gold + magnesium nitrate 
2. a} CaO, — Ca, + OL, 
b] NaF, —5 Na +P... 
c) NS, N.. Mg, + Ny, 
d) Fe, + Cu[NO,),,,., —* Cu, Fe 
e) CL, + Nal byt NL, 
f) Ph+ ARNO uoy — Ag, , 
2. a) 2 FeCl yy 2 Fe, +3 ay 
b) 2 C 4 Ca, + OL, 
c 2 LiBr, — 2 Li, + Bri» 
d} 3 Br, 2 G1, — 2 CBr, + 3L. 
el 2 AgNO... « C — 2 Ag, + CalNO,), 


d 
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4. a) bromine + iron(IlI) iodide — 
iron(Ii) bromide + iodine 
Br y + Fel, — PeBr, U 
3 Br. % ¢ 2 Fel, 2 Fehr. „1 
b) magnesium + zold(lII) fluoride . 

magnesium fluoride + gold 
M. - A —> MaF - AU, 
3Mg, 2 AuF,_.—+ 3 MgF 2 Au 


page 98 
Activity A10 Inquirv Lab 
Analyzing and Interpreting 


4. 4 Fe, *30,,, —2 fe, 
8. a) Mg, + 2 ARNO S... —5 2 Ag. + MgiNO, 


b) - Mg, — MgfNO,).,,.. + Cu. 
c) 2 AgNO + Cu, — 2 A8. + Cu(NO,].... 
page 100 
Practice Problem 


9. a) Word equation: 
copper(I) nitrate + potassium bromide —+ 
copper{l) bromide + potassium nitrate 
Skeleton equation: CN, KB 
CuBr, + KNO, 
* 
Cub «KNO,,... 


Balanced equation: CuNO 
b) Word equation: 
aluminium chloride - sodium hydroxide —+ 
aluminium hydroxide + sodium chloride 
Skeleton equation: AA y + NaOH, —* 
AO N 
Balanced equation: ACA N 
AOH) py + 3 Ne 


tay 


page 101 
Activity A11 Quicklab 
1-3. a) sodium iodide + silver nitrate—— 
sodium nitrate « silver iodide 
Na- AgNO,» NaNO, Al. 
b) iron(II) chloride + sodium hydroxide — 
sodium chloride + iron(II) hydroxide 
FeCl. * 3 NaOH, y —95 3 NaCl, FeO, 
c] sodium carbonate + calcium chloride — 
sodium chloride + calcium carbonate 
Na, C, —9 2 NaCl, + Ca, 
d) no precipitate 
e) silver nitrate + sodium carbonate — 
sodium nitrate + silver carbonate 
N CO sny a 
2 NANO ACD. 


2 AgNO, 


E 


page 103 
Practice Problem 


AN —s AL, + CL. 


page 104 
Activity A12 Quicklab 
1. copper(II) chloride + aluminium —— 
aluminium chlaride « copper 
3GuG,,, +2 AL, —52 AIG, = 3 Cu, 
4. calcium chloride + sodium carbonate — 
calcium carbonate + sodium chloride 
-N —+ CsOD,,,, 2 NaCl, 
pase 105 
Practice Problems 
11. Word equation: lead(IV] nitrate + zinc — 
zinc nitrate + lead 
Skeleton equation: FO, + Zn, —* 
ZniNO,). 
Balanced equation: PINO) y.y + 2 Zn,,—> 
2 Ze + Pb,, 
32. 3 Ag, A ],,,—9 3 ANO, + Au, 


,* P5, 


pare 106 
A3.3 Check and Reflect 
1. a) CaCl,,,, — c (balanced) 
5) MelCIO,),... + 2 Na, — 2 NaCO py + Mg... 
€) 2 NaN,,,—+ 2 Na, * N. 
d) Cal NO yeng + c — 
CaSO ay + 2 CINO, 
e) 2H... + 15 0, —+ 1000y 10 H,0, 
D Li, Cj; z -u. 
g) F- — Phy + OL, balanced} 
b) CHap ug 2 zig 
i) 2 Liy * CL,,, — 20, 
DN AYG. 
2. a) Na, SO... + CaCl... — 2 NaCl. + CaSO, 
b) 5 Mz. » Noy 09 Mg,N.., 
c) SOH yay + Fr —ScBr,,,., + PbOH),, 
d) 2 NINO,),,., + 3 Cai — 3 CENO) niay * 2 Ni, 
e] CH, «20, — Ory +2 E Oy 
f) 4 Na, O —5 2 Nas 
D Nu, t 3H, 2 NH, 
b) 2 HCL, H- CL. 
1)241,,,«3Br,,—52 AlBr uu + 315, 


hae 


+2 NaOH, +H. 


b) Ca, and Cl, 

c) ASO. l and Cu 

d) CalNO,)...... and PbBr, 

e) CD, and H,O, 

f) N, and KNO,, 

E) N. and L.. p 

h) S, 

i) ALS, 

j) CO, and H.O,. 
4. 3Zn,,* N.. - Za.Ny, 
5. 2Hg0,, —5 2 Hg, + Ony 
6. 2 0 H- 150% — 12 COL 
7. Br, + Cal yny — Car... + 
8. NO JJ... 2 Nal, —>2 
9. HCL, + NaOH, — NeCl +H, 
10. C, H..O,....« 12 Opg — 12 COL, 11 0. 


and LiCl, 


page 108 

Practice Problems 
13. 32.05 g/mol 
14. 142.05 g/mol 


15. 44.01 g/mol 
16. 149.12 g/mol 


page 109 
Practice Problems 
17. 20 X 10° g 
18. 2.00 mol 


19. 85.2 mol 
20. 0.135 mol 


pase 112 

A3.4 Check and Reflect 

S. a) 6.0 x 10° gold atoms 
b) 1.5 x 10?* helium atoms 
c) €.02 x 10° M molecules 
d) 3.78 x 107 CO... molecules 

6. a) 1.2 mol d) 2.711 mel 
b) 6.50 mol a} 0.928 mol 
c) 2-29 mol 

7. a) 59g d) 3.50 K 
5)ssg ejo1sig 
c) 90g 

8. a) 1 mol 
b)$g 
c) 1.20 x 10° molecules 

9. 318g 

10. 3.34 X 10? molecules of water 

11. 2.4 x 10" atoms 

13. CH, + 20, — CO, 7 2 H,O, 
30 moles of water 


tsi 


Answers to No mencal Qaestoas 


page 113 
A3.0 Section Keview 
9. a) 3.00 mol 
b 
c) o. 


5 
dj) 02 


e) 0.0102 mol 
10. a) 0.20 kg 


b) 0.36 kg 
c) 202g 
d) 


e) 4272 
12. a) 3 Br, +2 AL, — 2 AIBr,,, 
b) (NH,),COy,, + CafNO,).., . —> 
2 NHNO jog + CaCO,.. 
c) NaOH,,, « HCl y Na 10% (balanced 
13. a) 2 KBrO,,,, — 2 Kr 30% 
b) H + 5 Oyy — 4 COL, + 2 H.O, 
c) 4 AuCl,_ +3 Pb. —À 3 PbCL, «4 Au, 
die K N 
€) Sa(NO + 2 GOH}. — 
2 c 
» CaF „„ (balanced) 


+ SniOH),, 
14. a) F + Ca 
ig 


b) 3 CL, + 2 Nr, 2 NiCL,, * 3 Bry 
c) 2G Hig + 150 —> 10 CO. 10 Hl 
d) 2 KBr, —+2 K+ Br, 


6) AIF yoy * Na PO —» AIPO,,,, N 
16. 460g 
17. 9.03 x 10? CO. " molecules 


page 115 
Unit A Project 
1. magnesium + hydrochloric acid 
— magnesium chloride + hydrogen 
Mg, * 2 HCl. —» MgCl, + Hy, 


. magnesium sulfate + sodium carbonate —+ 


" 


sodium sulfate + magnesium carbonate 
MgSO pag; + Na CO yny m Na SO, pagg t MgCO,,, 
3. magnesium carbonate —» 
magnesium oxide + carbon dioxide 
O —» MgO,,, + CO,,. 
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pages 117-121 


Un 
14. 


it A Unit Review 


—+ 2Na,N,, 
+ 3 CANO, ) m 

6 NH. N + Ca,(PO,),,, 
f) CaCO yr CaO, o + CO... (balanced) 


e) 2 (NH, 


33. a) LiCl a 
b) Ba,N, h) Col, 
c) ZnO,, i) Cu(Mn0,),.. 
d) Ag.CO,,, ji C1O,,, 
€) CafNO.).., K) FelCIO,),.., 
f) REHSO,,,, 

34. a) sodium phosphide 


b) magnesium sulfide 

€) beryllium chloride 

d) ammonium sulfide 

e) cesium nitride 

f) zinc iodide 

g) iron(II) fluoride 

k) Ir] hydrogen sulfide 

1) gold(T) nitrate 

j) lead(IV] permanganate 

k) sodium acetate or sodium ethanoate 


35. a) NS, d) HS, 
b) SBr... e) CH, 
c) GIF, f) PCI, 


36. a] tetraphosphorus decaoxide 
b) nitrogen dioxide 
c) nitrogen trichloride 
d) xenon hexafluoride 
0) hydrogen peroxide 
f) ammonia 
46. al Lyt Hg, — Hely 
bl 2 K 80 „ 
6 Kon- Sr,{PO,), 
c] Mg, 2 HCl, —» MgCl... + Has, 
47. a) Cal + 2 AgNO, , Aci, 
b) 2 CH go 100% — 12 COL, + 14 HO, 
€] MgCO ya — MgO,,. + CO... (balanced) 
d) 3 Li,SOL_) + 2 A. im 
6 LN + Au.(SO,). 


T 


e] 16 Cs... + 
f) 241, t 3 C250, 
48. a) Skeleton equation: CaF y + L. 


—+ 8 5,5, 
—+ ALISO,! 


ave 


3c 


Balanced equation: CAF + ly —* 
b] Skeleton equation: RI, Rb, + La 
Balanced equation: 2 Nhl. —9 2 Rb, + |. 
c) Skeleton equation: (H- 
CO... + H 
Balanced equation: CA 30 —9 
3C0,, +4H,0, 
d) Skeleton equation: Ca(CIO,)...... + Li, PO, — 
LiClO pay + Cu PO oy 


te 


7 


Balanced equation: 
, +2 , 
6 LICIO, + cu,. , 
€) Skeleton equation: Zu + FoBr,..—> 


Balanced equation: 3 Zn, + 2 Fehr, 
3ZaBr.,, «2 Fe, 


49. a) 2.00 moles d) 0.00177 moles 


b) 0.5002 moles e) 83 moles 
€) 4.000 moles 

50. a] 216g d) 736 g 
b) LO x 10 g e) 83.3 g 


32x 10g 


54. a) sodium oxide 
b) aluminium oxalate 
c) methanol 
d) NH,HOOCCOO.. 
el CH,. 
f Ru(H.PO,],.. 
g) dinitrogen tetroxide 
h) tungsten(VI) dichromate 


i) osmium{VIID} oxide 


56. a) 1.2 x 19" Al atoms 
b) 2.17 x 10° SO, % molecules 


c) 14 * 10? He atoms 


37. a) 0.155 mol 
b) 2.71 mol 
c) 0.65 mol 


1. 1.1 X 10° m/s 
2. 576 x 10* s 
3. 28m 


page 130 
Practice Problem 
4. b) 5.0 x 10* m/s 


page 132 
Skill Practice: Using Sienificant Digits 
1. 5 dj2 
d 6 02 
gs5 
2. a) 53cm c) 3.55 A 
b) 30 km d) 21 km/h 
3. a) 6.83 x 10* c) 62 x 10* 
b) 122 d) 0.06 
page 133 
Practice Problem 
5. b) 0 m/s? 
asom 
page 135-136 
B1.1 Check and Reflect 
B. 4.17 m/s 10. 4.06 x 10? km 
9. 1.508 11. 5.00 h 


12. a) 5 m/s 15. c) 6.4 cn 
13. a] 0 16. 1.80 m/s 
14 2.0 cm/s 17. 1.78 m/s 
page 139 

Practice Problem 

&. 


page 140 
Practice Problem 


pur 


page 141 

Practice Problems 

& a) 22.0 m [E] $. 112 m NN 
b] 1.47 m/s [E] 10. 0.444 b 


page 143 
Practice Problem 


11. b) 25 m/s [E 


pese 145 
BA Check and Reflect 


3. vector 1 = i607] 
vector 2 « [215 
4. vector 1 = [30"] 
vector 2 = [245 
5. a) 25.0 m 
b) 5.0 m IN] 
c) 1.56 m/s 
d) 8.313 m/s IN] 


6. b) slope, = 52 cm/s [E 
slope, « -52 cm/s [W] 
page 147 
Practice Problems 
12. 13 m/s* [up 14. 333 m/s? 
13. 50 m/s* 15. -2.50 m/s? [E] 


BAdiocnn VWaciau Criance 15 


page 154 
B1.3 Check and Reflect 


5. —5.0 m/s? [N B. 7.80 m/s [N 
6. 5 m/s* [W . 501 5 

7. 0.250 m/s* 10. c) 2.00 emis 
page 160 

Practice Problems 

18.9.75 x 109] 19. 2.3 x 10 N 
pase 160 

Practice Problem 


20. 2.2 x 10*] 


page 161 
B1.4 Check and Reflect 
6. a) 147] & 157m 

b) 50.0] 9 350] 

c) 6.200 ] 10. 4) 5.0 x 10" 
7. 134 N 
page 162-163 
B1.0 Section Review 

15. a) 800 m 
b) 200 m [N 


c) 3.20 m/s 
d) 0.600 m/s IN] 


12. b) 0.00 m/s? 16. b) 3.00 m/s ÎN) 
17. 0.563 m/s 
13. a) 70m 18. -12.0 m/s [W] 
b) -3.0 m [W] 19. 3.00 s 
14. a) vector A = 75 21. 20 N [E 
vector B = 140" 22. 600] 
b) vector A= 15 23.11 x1 


vector B = 310 24. 35 0 N 
27. 103 km/h [E] 


pase 174 
Practice Problem 
1. 981] 


page 175 

Practice Problems 
2.5.99 m 

3. 409 kg 


page 178 

B22 Check and Roflect 

4. a) 96.0] 7. 
b) 96.0] 8.3.20 X 10! N 

5. 129N $. 2.06 x 10" ] 

6. 148m 


page 179 
Practice Problems 
4. 1.82 X 197?] 5.7.4 kg 


page 181 
Practice Problems 
6. 45.0 ms 


page 182 
B23 Check and Reflect 
5. a) 36.0) 7. a) 4.00 m/s 
bj 6.00 x 10*] b) 0.470 m/s 
c) 39.2] 10. a) 80.0] 
6. 20.0 kg b) 160] 


pase 183 

Practice Problems 

89739) 10. 899] 
9.1.09 x 10°] 


page 184 
Practice Problems 
11. 15.3 m/s 12. 0.130 m 


page 185 
Practice Problems 
13. 0.313] M. 1.40 m/s 


pages 186-187 
Activity B9 Inquiry Lab 
7.2.40 m/s 18. 2.40 m/s 
9.282] 17. 2.86) 
10. 2.88 J 18. 2.88] 


page 189 

B2.4 Check and Reflect 

5. a) 4.00) 6. 4.23 m/s 
d) 4.00] 7.4.16] 
e) 28.3 m/s $. a) 29.4] 
f 400] b) 5.42 ms 
g) 40.8 m 


page 197 

82.0 Section Review 
20. 45.0] 23. 800] 
21. 9.81] 23. 5.7 


page 216 
Practice Problem 
1. 4.9% 


page 217 
Practice Problem 
2. 13] 


page 217 
Practice Problem 
3. 3.13% 


page 220 

83.3 Check and Reflect 

5. a) 1000] . 65.7% 
b) 800] 8.4.20 x 10°] 
c) 800 ] 9. 2.80 x 10* ] 
d) 200] 
e) 80% 


page 228 
B3.0 Section Review 
14. a) 3.5 x 107 


pages 232-237 
Unit B Unit Review 
8. 26.0] 41. 1.96 x 107 
31. 200h 42. 985 m 
32. a) 20.0 m 43. 17.2 m/s 
b) om 46. 2.19 x 10 m 
€) 5.0 m/s 53. 35.0% 
d) 0.0 m/s 54. 9.33 X 107] 
33. 8.33 m/s? N 67. 0.650 m 
34. 2.0] 75. d) 7.5 «10° m/s 
36. 500] 76.0) 0 
39. 7.19 x 10?] g) 5.3 x 107m 
40. 20.0 m/s 77. 25] 


page 244 
Skill Practice 
a) 25x 


b) 1000x 


Answers to Numerical Questions 


page 289 
Practice Problems 
1. a) 17. 0 11 


2 + 2wh. y g 


= Int 


x 3,914 b) 0.70 


paze 293 
C24 Check and Reflect 
8. a) 95 cm% b) 64 cm; c) 64 cm 
d) 128 con®; ej32 cm; 64 cm’ 
f) surface area increases from 96 cm? to 128 cm; 
volume remains the same: surface area: volume 
increases from 1.5 to 2.0. 


E VEU ee ^ A X. uio VP ee Pv 


page 379 
Practice Problems 


1. 181k 3. 128k) 
2 323k) 4. 302k) 


page 380 
Practice Problems 

s. 20€ 

6. water 0.119°C, iron 1.11*C 
7. 0.297 e 

&. 0.130 [/g^C 


page 386 
Practice Problems. 
$. 6.01 kj/mol 


page 387 

Practice Problems 
13. 3.45 kj/mol 
14. 40.7 kj/mol 


pase 190 
D2.3 Check and Reflect 
14. 16 * 10 N 


17. 150g 


pazes 408-409 
D2.0 Section Review 


32. 37.3°C 36. 30.7 }/mol 
33. 14) 37. 1.02 x 10 M 
34. 1108 38. 334 k] 


35.23 X 10! kJ 


pages 435-439 

Unit D Unit Review 
85.4.19 x 10° Jor 4.19 x 10° k] 
86. 257C 

87. 150g 

88.0.13 J/e^C 

m.657] 

90.813] 

91. 4.99 mol 

szóig 


11. 2.50 mol 
10. 192 U 12. 0.385 kj/mol 


15. 1.13 x 10° J 


18 407 kj/mol 
15. 168 k] 20. 150 k] 
16. 36.0°C 21. 12.0 mol 
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